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Chapter 1
General Introduction

General Introduction

Background
Atrial fibrillation (AF) has a major impact on health care in the Western population and is
associated with stroke, heart failure and death.(1-3) Estimations show that worldwide 33.5
million individuals suffer from AF and that there are about 5 million new cases each year.
(4) AF increases in frequency with aging and typically occurs in patients with associated
comorbidities. The most common associated comorbidities are hypertension, coronary
artery disease, valvular disease, hyperthyroidism, heart failure, sleep apnea, obesity and
autonomic dysfunction(5). AF causes a significant burden on the patient and also on the
healthcare system resources. Five patterns of AF can be identified; first diagnosed AF
(AF that has not been diagnosed before irrespective of the duration), paroxysmal (selfterminating within 7 days), persistent (lasts > 7 days), long-standing persistent (continuous
for >12 months when rhythm control strategy is adopted) and permanent (AF accepted
by the patient and physician)(5). Episodes that are cardioverted within 7 days should be
considered paroxysmal. The definition of permanent AF is that the patient and physician
accept the arrhythmia, and further rhythm control strategy is abandoned(5).
The exact mechanism of AF is not completely understood and may differ per patient.
One or multiple triggers, often caused by foci from the pulmonary veins, initiate AF. It
provokes a shortening of the atrial effective refractory period immediately after start of
AF. Further, and more importantly, AF and the associated comorbidities induce a slow
process of structural remodeling including fibrosis, inflammation, and fatty infiltration.
Structural remodeling results in electrical dissociation between muscle bundles and local
conduction heterogeneities(6), favouring re-entry and perpetuation of the arrhythmia(7).
In many patients, the structural remodeling process occurs before the onset of AF(8). As
the substrate remodels over time, AF is less likely to terminate spontaneously and treatment to maintain sinus rhythm becomes more challenging (Figure 1). Therefore, early
diagnosis and early aggressive treatment is important to reduce the AF burden(9). This
arrhythmia is associated with impaired quality of life, stroke and heart failure and mortality(10). Studies have shown that rate control strategy is non-inferior to rhythm control,
and that rhythm control is only indicated for reduction of symptoms, not for improvement
of survival(11,12). According to the European Society of Cardiology guidelines, pharmacological rhythm-control therapy is recommended for symptomatic AF patients(13).
However, antiarrhythmic drugs (AAD) with or without cardioversion are only moderately
effective maintaining sinus rhythm and AAD have known adverse effects(11,12).

Risk factor management and life style changes
There is growing evidence of associations between the presence of modifiable risk factors
and the risk of developing AF. In order to decrease the healthcare burden of AF-associated
9
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Importance

figure 1. Importance of triggers and substrate in AF progression

Trigger

Substrate

AF progression
(Modified with permission from Mayo Clin Proc. 2009 Jul;84(7):643-62)

co-morbidities it is essential to aggressively address risk factors such as hypertension,
diabetes mellitus, obesity, smoking and alcohol consumption(14). Their management is
often challenging in the clinical practice, in particular obesity. It is well known that obesity
is an independent risk factor for the development and perpetuation of AF(15), and that
it negatively influences the success of ablation(16,17). A recent study compared active
weight management in combination with aggressive risk factor management to general
lifestyle advice. Results showed that weight reduction with intensive risk factor management causes a significant reduction in AF symptom burden and severity(18). Furthermore,
aggressive risk factor management improves long-term outcomes of AF ablation(17). If this
weight loss is sustained at long-term follow-up, reduction of AF burden and maintenance
of sinus rhythm are significantly higher compared to patients with weight fluctuation(19).
For AF patients, cardiac rehabilitation programs focused on risk factor reduction and life
style management are an option following AF ablation and should be considered before
invasive treatment strategies are performed(14). The feasibility, effect and economic value
of these programs are still to be thoroughly investigated in large clinical trials. Targeting the specific individualized substrate must be accompanied by aggressive risk factor
management and multidisciplinary chronic care to improve outcomes(20).

Af symptoms
Two-third of AF patients are symptomatic(10). Typical symptoms are palpitations, fatigue,
weakness, dizziness, reduced exercise capacity, or dyspnea. More severe symptoms include dyspnea at rest, angina, presyncope, or infrequently, syncope. Also, some patients
present with an thromboembolic event. Provocative factors can be rest, sleeping, eating
or alcohol (vagal AF) but AF may also be triggered by exercise or emotions. To quantify
symptom severity, a simple symptom score has been developed by the European Heart
Rhythm Association (EHRA-score) classifying AF-related symptoms(21).
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Patients with highly symptomatic, recurrent and AAD resistant AF are recommended to
undergo AF ablation(5). Catheter ablation can be effective as a rhythm control instrument
in patients with paroxysmal and short-standing persistent AF. For more persistent forms of
AF, refractory to catheter ablation or as concomitant procedure, AF surgery can be considered. In the following section, different invasive rhythm control treatment strategies will
be introduced.

MAZE surgery
The first successful surgical treatment of AF was performed by Dr. Cox in 1987 with the
Maze lesion set(22). The objective of the Maze procedure was to preclude the ability of
the atria to fibrillate, using lesions to prevent formation of macro-reentrant circuits. The
lesions entail pulmonary vein isolation (PVI), a right atrial set (e.g. ablation lines up to
superior vena cava and down to inferior vena cava across the right atrial free wall towards the atrioventricular groove) and a left atrial set (e.g. closure of appendage and
ablation line across the floor of the left atrium towards the orifice of left inferior PV).
This procedure is performed either through a median sternotomy or a minimal-invasive
thoracotomy, both requiring cardiopulmonary bypass. Long-term results of the Maze-III
operation have been reported to be excellent, with freedom from symptomatic AF up
to 90% at 10-year(23-25). This procedure is complex, technically demanding, requires
cardiopulmonary bypass and median sternotomy. This, accompanied by adverse events,
significantly limited the popularity and general applicability. The Cox-Maze procedure has
been modified over time, in 2004 the group of Damiano replaced most of the original incisions with bipolar radiofrequency and cryothermy (Cox-Maze IV) (Figure 2). This way, surFigure 2. Modified Cox-Maze IV lesion set
RAA

LAA

SVC

PV
TV
MV

IVC

Cox-Maze IV lesion set using a bipolar radiofrequency clamp. IVC= Inferior Vena Cava, LAA= Left atrial appendage, PV= Pulmonary Veins, MV= Mitral Valve, TV = Tricuspid Valve, SVC = Superior Vena Cava
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geons are enabled to perform this procedure through minimally invasive approach whilst
maintaining its efficacy(26). The results are still superior to catheter ablation, especially
for more advanced AF types(27). The Maze procedure can be performed as a stand-alone
procedure in specialized centers, but is nowadays more often used concomitant to (mitral)
valve surgery(28,29).

Transcatheter PVI using radiofrequency
Ever since the important discovery that AF can be triggered from rapidly firing foci situated
in the muscular sleeves of the pulmonary veins (30), techniques were developed to create
electrophysiological blockage of these triggers (Figure 3) (31). Nowadays, transcatheter
PVI using radiofrequency is a widespread and well-established technique to prevent recurrence of symptomatic AF(1,2). Two major randomized trials (MANTRA-PAF, RAAFT-2)
proved the superiority of catheter ablation over AADs(32,33). Outcome of transcatheter
ablation is influenced by severity of structural heart disease. For paroxysmal AF, transcatheter PVI has a wide range of reported efficacy (up to 70%) at 1-year follow-up(34). In approximately one-third of the patients multiple transcatheter ablations are necessary(35).
Technical difficulty of achieving transmural lesions and complete electrical isolation causes
re-conduction to occur in 29% of all patients(36). Complications of transcatheter ablation
are reported in up to 6%(35). Recent studies have shown hampered long-term results of
transcatheter PVI using radiofrequency (RF)(37,38). In order to improve results of transcatheter PVI alternative treatment options have been introduced. The new generation of

Figure 3. Minimally invasive left atrial ablation methods

Transcatheter RF PVI

Thoracoscopic PVI

Transcatheter cryo-balloon PVI

Thoracoscopic PVI + box lesion set

Transcatheter radiofrequency point-by-point wide circumferential ablation, Transcatheter cryo-balloon PVI,
Thoracoscopic bipolar radiofrequency PVI and Thoracoscopic bipolar radiofrequency PVI with a box lesion set
created with a linear bipolar ablation pen. RF= radiofrequency, PVI = Pulmonary vein isolation
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RF catheters fitted with pressure sensors, have shown improved outcome. For patients
with persistent and long-standing persistent AF current ablation guidelines promote more
extensive ablation beyond just the PVI(13). These lines can entail a left atrial roofline and
mitral isthmus line. However, the recent STAR-AF 2 trial proved no beneficial effect of
additional ablation lines(39).

Cryoballoon PVI
In recent years, several trials have proven safety and efficacy of the cryoballoon PVI(4042). Especially with the second-generation balloon, promising results have been achieved
mostly in paroxysmal AF patients(43). The cryoballoon delivers a circumferential lesion at
the anthrum of the pulmonary vein (Figure 3), therefore reducing incidence of conduction
gaps, which are seen in transcatheter point-to-point RF ablation. Also, this technique drastically reduces procedural time. The major drawback of this method is the risk of creating a
phrenic nerve lesion. The occurrence of phrenic nerve lesions has been reported in 5% up
to 11% of patients(42,43). As also seen in transcatheter radiofrequency PVI, the percentage of patients who require re-interventions after cryoballoon ablation remain high. The
recent randomized FIRE AND ICE trial demonstrated that for the treatment of paroxysmal
AF, PVI by means of cryoballoon ablation was non-inferior to PVI by radiofrequency ablation in terms of efficacy and safety(44). Long-term outcomes still have to be thoroughly
investigated but in small series of paroxysmal AF patients, 5 year-freedom from AF with a
single cryoballoon PVI has been described at 53%(45).

Thoracoscopic PVI
As an alternative to transcatheter radiofrequency PVI, minimally invasive surgical PVI, using bipolar RF and other energy sources(46,47) have been developed and are applicable
through a video assisted thoracoscopic approach(46,48,49). The thoracoscopic approach
is less technically demanding than the conventional Maze surgery and delivers a continuous lesion with bipolar RF or other energy sources, without the need for cardiopulmonary
bypass or opening the heart. The bipolar RF clamp uses an algorithm to determine the
impedance feedback, providing a transmural lesion, isolating the pulmonary veins. Usually
this is confirmed by testing of the exit block. Minimally invasive surgery with epicardial
PVI now has a class IIa recommendation (level of evidence B) in the current guidelines for
symptomatic patients with failed transcatheter ablation(5). In 2012, the FAST study was
the first to show that thoracoscopic PVI was superior to transcatheter PVI with regard
to freedom from AF in patients who failed on at least one AAD and prior transcatheter
ablation. However, a higher complication rate was reported in patients who underwent
thoracoscopic PVI(50). Short- and midterm results of thoracoscopic PVI have shown
promising results ranging from 64-90% freedom from AF and AAD after a single procedure(51-58). Few long-term studies show that the thoracoscopic PVI lesions are an effec13

Chapter 1

General Introduction

Chapter 1

tive, reproducible treatment strategy with maintained efficacy at long-term follow-up(59).
Unfortunately, patient characteristics, ablation platforms and lesion sets differ among the
different available studies, which prohibit thorough comparison of the studies. Also, the
long-term outcomes and effects on cardiac function remain largely unknown.

Hybrid procedure
Some experienced AF ablation centers have pioneered with the combined technique of
epicardial (thoracoscopic PVI with box lesion set) and endocardial ablation during the
same procedure, creating a lesion set similar to that of the Cox-Maze IV(60,61)(Figure 4).
The primary advantage of the hybrid technique over thoracoscopic PVI is that the success
of epicardial lesions can be electrophysiologically assessed and if necessary completed.
Second, the transcatheter approach makes it possible to create lesions, which are otherwise not applicable in the minimally invasive setting (e.g. cavotricuspid isthmus line
and completion of lines to the mitral annulus). Especially in patients with persistent and
long-standing persistent AF this technique has shown very high freedom from AF(62,63). It
remains to be investigated if hybrid ablation offers the best of both worlds or offers double
the risk and prolonged procedural times. Furthermore, it remains unclear whether this
type of ablation should take place as a single joint procedure or patients should be offered
a stepwise approach.
Figure 4. Hybrid epi- and endocardial lesion set
RAA

LAA

SVC

PV
TV
MV

IVC

Hybrid epi- and endocardial lesion set, red lines depict the thoracoscopically applied lesions, blue lines depict
transcatheter lesions. Dotted lines imply optional lesions; the LAA amputation (surgical) and MV isthmus line
(transcatheter). IVC= Inferior Vena Cava, LAA= Left atrial appendage, PV= Pulmonary Veins, MV= Mitral Valve,
TV = Tricuspid Valve, SVC = Superior Vena Cava
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AF and heart failure can cause and exacerbate each other due to structural cardiac remodeling, neuro-hormonal mechanisms and asynchronous and/or rate-related reduced
left ventricular function. Especially heart failure with a preserved ejection fraction shares
the same risk factors as AF. Underlying treatment of these conditions could reduce the
progression of both(64). Patients who have the combination of heart failure and AF have
a worse prognosis and higher mortality as compared to patients with heart failure and in
sinus rhythm (65,66). In selected patients, catheter ablation and also MAZE surgery may
be useful to improve left ventricular function(67-69) although details from large randomized trials are lacking(70,71).

Stroke
One of the major threats caused by AF is stroke(3). Due to AF, stasis of blood in the
left atrium and the left atrial appendage (LAA) occurs and thereby exposes patients to
increased risk of clotting and subsequent thrombo-embolisms. To evaluate the risk for
stroke in AF patients, the CHA2DS2-VASc score is used. There is very strong evidence that
patients with a CHA2DS2-VASc score ≥2 in male and ≥3 in female patients benefit from
oral anticoagulation (OAC). In patients with a moderate to high risk of thrombo-embolic
events, OAC therapy has proven to significantly reduce the incidence of stroke(72,73). In
addition to traditional vitamin K antagonists, in recent years several non-vitamin K oral
anticoagulants (NOACs) have been introduced. The latest guidelines recommend using
NOACs in preference over vitamin K antagonist for all patients eligible for NOACs(5). Although effective rhythm control is important, even in patients with successful AF ablation,
abolishment of AF does not prevent stroke in the future(74).

The left atrial appendage
It is still discussed whether thrombi originating from the LAA are a major source of stroke
in AF(75). One of the supposed advantages of the surgical approach is that the LAA can be
excluded to reduce stroke risk(76). The surgical approach offers the unique opportunity to
amputate, clip or suture this appendage. However, the beneficial effect on morbidity and
mortality is yet to be demonstrated(77). There is evidence that the left atrial appendage
proves a challenge to close completely, and incomplete closure or amputation may cause
a larger risk for thrombo-embolic events(78,79). Nevertheless, at present, the LAA is amputated or closed by a clip on a large scale in stand-alone and concomitant AF surgery(77).
Besides surgical techniques, transcatheter devices have been developed to occlude the
appendage and eliminate stroke risk. Up to date, there is no clear proven beneficial effect of these techniques compared to OAC(80). Furthermore, the long-term effect of LAA
exclusion on cardiac function is still unknown.
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Aims
This thesis aims to investigate the results of different treatment strategies for highly symptomatic, drug resistant AF. In chapter 2 we assess the results of transcatheter RF PVI and
the effect of obesity on long-term outcomes. In chapter 3, we illustrate the relationship of
overweight and symptomatic AF recurrences and stress the importance of weight counseling, especially before considering invasive treatment modalities. The first three months to
assess success or failure of the ablation are not included. This is known as the “blanking
period”. Chapter 4 questions whether the duration of the blanking period should be shortened. The central part of this thesis concerns the role of thoracoscopic PVI for AF ablation.
In chapter 5 we compare the results of thoracoscopic with transcatheter PVI treatment
strategy. chapter 6 shows the mid-term results of thoracoscopic PVI in AF patients without
structural heart disease (lone AF) in a multi-center study. The long-term results of thoracoscopic PVI for paroxysmal AF in patients without structural heart disease are reported
in chapter 7 In addition to a more effective and durable PVI lesion, the thoracoscopic
approach offers the unique possibility to amputate or exclude the left atrial appendage in
order to reduce stroke risk. However, this procedure may have deleterious effects as well.
Chapter 8 focuses on the effect of concomitant left atrial appendage amputation on LA
function. In chapter 9, right ventricular function is monitored in patients who underwent
thoracoscopic PVI and this is compared to patients who underwent cryoballoon PVI. In
chapter 10, pathophysiologic aspects of AF are reviewed with regard to left atrial function
and surgical intervention. Finally, in chapter 11, the results of this thesis are summarized
and discussed. Since AF ablation is a rapidly evolving field, we would also like to offer
future perspectives.
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Abstract
Aims. Obesity is an increasing health problem and is an important risk factor for the development of atrial fibrillation (AF). We investigated the association of body mass index (BMI)
on the safety and long-term efficacy of pulmonary vein isolation (PVI) for drug refractory
AF.
Methods. Four hundred-fourteen consecutive patients who underwent transcatheter PVI
for AF between 2003 and 2013 were included. Successful PVI was defined as absence
of atrial arrhythmia on Holter monitoring or electrocardiogram, without and with antiarrhythmic drugs during follow-up. Obesity was defined as BMI ≥30 kg/m².
Results. Mean age was 56±10 years, 316 (76%) were male, 311 (75%) had paroxysmal AF
and 111 (27%) were obese. After a mean follow-up of 46±32 months (1590 patient years),
freedom from atrial arrhythmia and anti-arrhythmic drugs was significantly lower in obese
patients compared to non-obese patients (respectively 30% versus 46%, p=0.005, log rank
0.016). With anti-arrhythmic drugs, freedom from atrial arrhythmia was 56% versus 68%
(p=0.036). No differences in minor and major adverse events were observed between
obese and non-obese patients (major 6% vs. 3%, p=0.105 and minor 5% vs. 5% p=0.512).
Sensitivity analyses demonstrated that BMI (as continuous variable) was associated with
PVI outcome (hazard ratio 1.08, 95% confidence interval 1.02-1.14, p=0.012).
Conclusion. Obesity is associated with reduced efficacy of PVI for drug-refractory AF. No
relation between obesity and adverse events was found.
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Trans-catheter pulmonary vein isolation (PVI) using radiofrequency energy is a widespread
and well-established technique for treatment of atrial fibrillation (AF)(1-3). Current guidelines indicate that PVI should be considered even before antiarrhythmic drugs (AAD) have
failed in patients with paroxysmal AF(2). Catheter ablation is superior to antiarrhythmic
drugs for rhythm control in symptomatic paroxysmal AF(4-6) and can also be performed
successfully for persistent or long-standing persistent AF(7). However, radiofrequency PVI
has only shown moderate success at long-term follow-up(8-10). Several co-morbidities
increase the risk for AF(11). Obesity is an independent risk factor for the development
and perpetuation of AF(11) and negatively influences success rates of PVI at 1 year
follow-up(12). The recent ARREST-AF trial showed that aggressive risk factor management
improves long-term outcomes of AF ablation(12). Also, if weight loss is sustained at longterm follow-up, reduction of AF burden and maintenance of sinus rhythm are significantly
higher compared to patients with weight fluctuation(13). The aim of the present study was
to investigate long-term outcome in consecutive patients undergoing a PVI strategy and to
assess procedural safety in obese versus non-obese patients with AF.

Methods
We retrospectively analyzed all patients scheduled for a first PVI between 2003 and 2013
at the University Medical Center Groningen, The Netherlands. All consecutive patients
had highly symptomatic AF and failed at least one AAD. Exclusion criteria for PVI were
significant underlying heart diseases and age <18 years or >80 years and less than 12
months follow-up. BMI was determined for all patients at the time of ablation. BMI was
calculated by dividing body weight in kilograms by the square of the height in meters.
Obesity was defined as BMI ≥ 30kg/m2.

Transcatheter radiofreqency PVI strategy
The transcatheter wide circumferential PVI was performed as described previously
(14,15). During the 10-year study period, the PVI procedure evolved according to technical
modifications. Briefly, point-by-point ablation wide antral lines were created around the
pulmonary veins. For the first procedures RF energy was delivered with a non-irrigated
ablation catheter, later on this was an irrigated tip. In the initial patients, pulmonary vein
isolation was assessed with pacing within the pulmonary veins to conform exit block.
From 2011 a circular catheter was used to confirm entrance and exit block. During the
first procedure, no additional ablation lines were made. In case the first PVI was unsuccessful, repeat PVI procedures were performed when symptomatic atrial arrhythmias
25
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were present (>3 months after initial PVI), in consultation with the patient and treating
physician. Additional (linear) ablation was performed at the discretion of the treating electrophysiologist. Following PVI, oral anticoagulation was immediately restarted after the
procedure, and low-molecular-weight-heparin was stopped when INR>2.0 was reached.
Oral anticoagulation treatment was given for at least 3 months and thereafter continued
based on the CHADS2-score and later on the CHADS2VA2Sc (1,2). AADs were discontinued
after the first three months blanking period if the patient was free from AF recurrence.

Follow-up
Patients visited our clinic at 3, 6, and 12 months post-PVI. Thereafter, patients were seen
annually or on indication. To assess the occurrence of (a)symptomatic atrial arrhythmias,
at 6 months 48 to 96-hour Holter monitoring was performed, and at 12 months 24-hour
Holter monitoring was performed. At each visit a routine 12-lead ECG was performed, and
when atrial arrhythmia was detected, a 12-lead rhythm strip (>30 seconds) was recorded. In
case of symptomatic recurrence without documentation, event recording was performed
to confirm and classify the atrial arrhythmia. Follow-up data were censored for patients
who reached the primary endpoint or had been followed through 1th of December 2015.

Endpoints
Primary endpoint was freedom of atrial arrhythmias i.e. no evidence of AF, atrial flutter,
or other atrial arrhythmias with a duration >30 seconds, without use of AADs at the end
of follow-up. Procedural safety was investigated by reporting the occurrence of peri- and
procedural minor or major adverse events. Major adverse events were defined as those
that resulted in death or permanent injury, in temporarily injury that required intervention or specific treatment, (eg. stroke, transient ischemic attack, major bleeding requiring
surgery or blood transfusion or >2.0 points hemoglobin decrease, cardiac tamponade and/
or perforation, significant or symptomatic pulmonary vein stenosis >70%, pericarditis and/
or pericardial effusion, myocardial infarction, phrenic nerve lesion, pneumothorax, pneumonia, and other not pre-defined events). Minor adverse events were defined as bleeding
from the femoral artery/vein, femoral aneurysm not requiring intervention, pericardial
effusion not requiring intervention and asymptomatic pulmonary vein stenosis(16).

Statistics
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, if appropriate, and counts with percentages for categorical variables. Differences between subgroups, in terms of patient characteristics at
baseline, different follow-up times, and end of study were evaluated by the Student t test
or the Mann-Whitney U test, depending on normality of the data. Chi-square or Fisher’s
exact test were used for comparison of categorical variables. By means of Cox-proportional
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hazard analyses the association of any increase in BMI with the primary outcome was
assessed. Model 1 is adjusted for age and sex, model 2 for age, sex, self-reported obstructive sleep apnoe syndrome, previous class I or III AAD use, LA diameter, AF duration, AF
type, chronic heart failure and total number of PVI. Model 3 is adjusted for covariates of
Model 2 and also for the other components of the CHADS2VA2Sc, not included in Model
2: hypertension, diabetes, vascular disease and stroke. No violations of the proportional
hazards assumptions were found. All tests of significance were two-tailed, with P values
<0.05 assumed to indicate significance.

Results
Patient population
A total of 414 consecutive patients were included in this study. Patient characteristics
are shown in Table 1. Mean age was 56±10 years. Time since first AF diagnosis was 63
[IQR 29-118] months. AF was paroxysmal in 311 (75%), mean body mass index (BMI) was
27.8±4.1kg/m². Among all patients, 111 (27%) were obese (BMI ≥30kg/m2) and 25 (6%)
had a BMI ≥35kg/m2. Distribution of number of patients by BMI is shown in Figure 1.
Comparing obese (BMI≥30kg/m2) versus non-obese patients (BMI < 30kg/m2), several
differences were observed: chronic systolic heart failure (LVEF ≤35%), 10% vs. 4% p=0.034,
hypertension 65% vs. 46% p=0.001, self-reported obstructive sleep apnea syndrome 7%
vs. 2% p=0.013. Also LA diameter was larger in obese versus non-obese patients (44±5 mm
vs. 41±7mm, p <0.001).

PVI outcome in the total population
After a mean follow-up of 46±32 months (1590 patient years; median 37, IQR 19-67) a
total of 733 procedures were performed, with a median of 2.0 [range 1-5] ablations per
patient. Of all patients, 56% underwent multiple ablation procedures. Overall long-term
freedom from atrial arrhythmia and AAD was 42% (172/414 patients). With AAD this was
65% (268/414 patients).

PVI outcome according to obesity
After a mean follow-up of 46±32 months (1590 patient years), freedom from atrial arrhythmia and anti-arrhythmic drugs was significantly lower in obese patients compared to
non-obese patients (respectively 30% versus 46%, p=0.005, log rank 0.016) (Table 2 and
Figure 2). With anti-arrhythmic drugs, freedom from atrial arrhythmia was 56% versus
68% (p=0.036) (Table 2). There was no difference between both groups in median number
of procedures (p=0.500).
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Table 1. Baseline characteristics of patients undergoing transcatheter PVI.
Total group
N=414
Age, mean±SD years
Males, n (%)

BMI <30
N=303

BMI ≥30
N=111

p-value

56 ± 10

56 ± 10

56±10

0.859

316 (76%)

236 (78%)

80 (73%)

0.298

24 (6%)

13 (4%)

11 (10%)

0.034

Chronic heart failure, n (%)
Diabetes mellitus, n (%)

21 (5%)

12 (4%)

9 (8%)

0.124

Previous stroke, n (%)

17 (4%)

11 (4%)

6 (5%)

0.407

Hypertension, n (%)

213 (51%)

141 (46%)

72 (65%)

0.001

Vascular disease, n (%)

47 (11%)

36 (12%)

11 (10%)

0.726

CHADS2VA2Sc score >1, n (%)

142 (34%)

94 (31%)

48 (43%)

0.019

Hypercholesterolemia, n (%)

79 (19%)

59 (19%)

20 (18%)

0.888

Thyroid dysfunction, n (%)

35 (9%)

21 (7%)

14 (13%)

0.072

Self-reported OSAS, n (%)

13 (4%)

5 (2%)

8 (7%)

0.013

63 [29-118]

66 [30-121]

48 [23-108]

0.073

Paroxysmal AF, n (%)

Time since first AF episode, median [IQR] months

311 (75%)

235 (77%)

76 (68%)

0.095

Non-paroxysmal AF, n (%)

103 (25%)

69 (23%)

34 (32%)

0.095

LA diameter parasternal, mm mean±SD

42 ±6

41±7

44± 5

<0.001

LVEF, mean ± SD

57± 6

58± 5

57± 7

0.234

Class I or III n, (%)

275 (72%)

200 (66%)

75 (68%)

0.921

Amiodarone n, (%)

93 (24%)

58 (19%)

35 (32%)

0.010

AAD use

AAD= Anti-arrhythmic Drugs, AF= Atrial Fibrillation, IQR = interquartile range, OSAS = obstructive sleep apnea
syndrome, LVEF = Left Ventricular Ejection Fraction, SD = standard deviation
Figure 1. BMI distribution of the total patient population.
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Table 2. Efficacy and safety outcomes of multiple procedure follow-up.
Total n PVI median [range]

Total

BMI <30

BMI ≥30

p-value

2.0 [1-5]

2.0 [1-4]

2.0 [1-5]

0.505

12 months FU no AAD, n (%)

119 (29%)

93 (31%)

26 (23%)

0.178

12 months with and without AAD, n (%)

221 (53%)

163 (54%)

58 (52%)

0.911

long-term FU no AAD, n (%)

172 (42%)

139 (46%)

33 (30%)

0.005

long-term FU with and without AAD, n (%)

268 (65%)

206 (68%)

62 (56%)

0.036
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Major adverse events
Procedure related death

0

0

0

Cardiac tamponade/perforation

9

5

4

Thrombo-embolic event

4

2

2

Air-embolic event

2

2

1

Total (multiple procedures)

16 (4%)

9 (3%)

7 (6%)

0.105

Minor adverse events
Femoral bleeding/aneurysm/AVF

14

9

5

Pericardial effusion no intervention

4

3

1

Phrenic nerve lesion

1

1

0

Pulmonary vein stenosis (asymptomatic)

1

1

0

Pericarditis

1

1

0

Total (multiple procedures)

21 (5%)

15 (5%)

6 (5%)

0.512

Major or minor adverse events (multiple procedures)

37 (9%)

24 (8%)

13 (12%)

0.158

AAD= Anti-arrhythmic Drugs, AVF= arterial-venous fistula, BMI= Body Mass Index, FU = Follow-Up, PVI= Pulmonary Vein Isolation.

Adverse event according to obesity
Table 2 shows the peri- and procedural minor or major adverse events. In 37 (9%) patients,
adverse events occurred, being major in 16 (4%) patients and minor in 21 (5%) patients.
There was no in-hospital mortality. No differences in minor and major adverse events
were observed between obese and non-obese patients (major 6% vs. 3%, p=0.105 and
minor 5% vs. 5% p=0.512, Figure 3).

Association of BMI and PVI outcome
As sensitivity analyses, we performed multivariate Cox-proportional hazard analyses and
assessed whether an increase in BMI (modeled as continuous covariate) was associated
with an increased risk atrial arrhythmia recurrence. No violations of the proportional
hazards assumptions were found. Table 3 shows the outcome of different models. When
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Figure 2. long-term freedom from atrial arrhythmia and anti-arrhythmic drugs for obese versus non-obese
patients following multiple procedures.

Figure 3. Major and minor adverse events.
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Table 3. Sensitivity analyses of the association of BMI and long-term outcome after multivariable adjusted
analyses.
HR (95% CI)

p-value

Model 1

HR 1.08 (1.02-1.14)

p=0.012

Model 2

HR 1.09 (1.02-1.16)

p=0.039

Model 3

HR 1.09 (1.01-1.16)

p=0.017

Model 1 is adjusted for age and sex. Model 2 is adjusted for age, sex, obstructive sleep apnoe syndrome,
previous class I or III AAD use, LA diameter, AF duration, AF type, chronic heart failure and total number of PVI
procedures. Model 3 adjusted for all factors mentioned previously and also hypertension, diabetes, vascular
disease and stroke.

Discussion
This retrospective and observational study demonstrates that obesity is associated with
lower >1year success of PVI. Procedural safety was comparable between obese and nonobese patients.

Obesity as cause of atrial fibrillation
Obesity is an important health problem with an increasing prevalence. There is abundant
evidence for the involvement of obesity in the development of AF. Obese individuals have
up to 2.4-fold increased risk for new-onset AF(17). Several mechanisms may underlie the
relation between obesity and new-onset of AF. This might be related to structural and
electrophysiological remodeling caused by elevated end-diastolic pressure, inflammation,
and increased plasma volume(18). Animal models of obesity demonstrated increased
levels of atrial fibrosis and higher susceptibility and sustainability of AF. In humans,
electro-anatomical mapping in obese patients showed areas of low voltages indicative of
increased atrial fibrosis(18). Weight loss has been associated with a decrease of the AF
burden in patients(19). Following weight reduction lower levels of inflammatory markers
were measured and electro-anatomical mapping demonstrated recovery of atrial voltages(13). In our study, hypertension, chronic heart failure and an enlarged atrial size, all
parameters associated with a lower success rate of rhythm control, were more frequently
present in obese patients(3).
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adjusting for the covariates included in Model 2, any increase in BMI was associated with
failure of PVI with a hazard ratio of 1.07 (95% confidence interval 1.00-1.15), p=0.039.
Model 3 showed that any increase of BMI was associated with failure of PVI with a hazard
ratio of 1.09 (95% confidence interval 1.01-1.16), p=0.017.
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Influence of obesity on PVI outcome
More and more data become available on obesity and atrial arrhythmia recurrences
following PVI. A report of 226 patients with symptomatic, drug-refractory paroxysmal
and persistent AF (mean BMI 26.6 ± 3.5 kg/m²) showed that BMI was not predictive for
AF recurrence at a mean follow-up of just over 1 year, although a trend to a higher AF
recurrence was found in patients with higher BMI(20). Cha et al. showed similar results in
their study of 523 symptomatic, medication-refractory AF patients (58% paroxysmal, 42%
persistent or permanent AF) undergoing PVI. The study showed no difference in success
of catheter ablation between the groups of BMI >25 (18%), BMI 25 to 29.9 kg/m² (44%)
and BMI ≥30 (38%) at 12-24 months follow-up(21). However, the main finding of our study
is that we observed a lower success rate of PVI in obese vs. non-obese patients during
>1year follow-up, Differences between these studies may be explained by differences in
clinical characteristics of the patients and follow-up duration. Of note, we also observed
no difference in efficacy during the first year of follow-up, but only after long-term followup. The results of present study seem in accordance with the recently published data by
Sanders et al. who demonstrated that aggressive risk factor reduction including weight
loss improves the outcome of PVI in obese patients(12). The >1year freedom from atrial
arrhythmias in our study is comparable to long-term efficacy rates reported by others
(7-9,22). Also, the reported adverse events rates are comparable(16).

Clinical relevance
Since both obesity and AF pose an epidemic threat, it is important to recognize that AF
is not only more frequent in obese patients but also that long-term efficacy of PVI seem
reduced compared to non-obese patients. In order to improve long-term results of PVI,
patient selection is pivotal(23). Therefore, as stated in the new AF guidelines, in obese patients weight loss together with management of other risk factors should be considered to
reduce AF burden and symptoms, before invasive treatment modalities are deployed(3).

Strengths and limitations
Our study was retrospective, precluding definite conclusions about cause-effect relations
of obesity and PVI outcome. However, strengths of our study was that we had a >1500
patient years follow-up in most patients with extensive Holter recordings, which increased
the probability of observing any atrial arrhythmia recurrence. Firstly, short and asymptomatic episodes of AF might be undetected. Secondly, obesity is often accompanied by more
comorbidities, so obesity may reflect a clustering of cardiovascular risk factors that may
impact PVI outcome, though even after multivariable adjustment the association of BMI
with PVI outcome remained. Thirdly, the incidence of OSAS was low and may been caused
by the fact we only collected self-reported OSAS, and no structural polysomnography was
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ConclusionS
Obesity is associated with reduced efficacy of PVI for drug-refractory AF. No relation between obesity and procedural adverse events was found. This emphasize that risk factor
reduction before ablation including weight loss should be implemented in the work up of
symptomatic AF patients referred for AF ablation.

33

Chapter 2

performed in our cohort. Fourthly, the present analysis did not offer the opportunity to
look into temporal associations between weight gain of loss and success of PVI.

Chapter 2

References
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

34

European Heart Rhythm Association, European Association for Cardio-Thoracic Surgery, Camm
AJ, Kirchhof P, Lip GY, Schotten U, et al. ESC Guidelines for the management of atrial fibrillation.
Europace 2010 Oct;12(10):1360-1420.
Authors/Task Force Members, Camm AJ, Lip GY, De Caterina R, Savelieva I, Atar D, et al. 2012 focused update of the ESC Guidelines for the management of atrial fibrillation: An update of the 2010
ESC Guidelines for the management of atrial fibrillation. Europace 2012 Aug 24.
Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC Guidelines for the
management of atrial fibrillation developed in collaboration with EACTS. Eur Heart J 2016 Oct 7;
37(38):2893-2962.
Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA, et al. 2012 HRS/EHRA/ECAS Expert
Consensus Statement on Catheter and Surgical Ablation of Atrial Fibrillation: Recommendations
for Patient Selection, Procedural Techniques, Patient Management and Follow-up, Definitions,
Endpoints, and Research Trial Design. Europace 2012 Apr;14(4):528‑606.
Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Natale A, et al. Comparison of antiarrhythmic drug therapy and radiofrequency catheter ablation in patients with paroxysmal atrial
fibrillation: a randomized controlled trial. JAMA 2010 Jan 27;303(4):333‑340.
Morillo CA, Verma A, Connolly SJ, Kuck KH, Nair GM, Champagne J, et al. Radiofrequency ablation
vs antiarrhythmic drugs as first-line treatment of paroxysmal atrial fibrillation (RAAFT-2): a randomized trial. JAMA 2014 Feb 19;311(7):692‑700.
Mont L, Bisbal F, Hernandez-Madrid A, Perez-Castellano N, Vinolas X, Arenal A, et al. Catheter ablation vs. antiarrhythmic drug treatment of persistent atrial fibrillation: a multicentre, randomized,
controlled trial (SARA study). Eur Heart J 2014 Feb;35(8):501‑507.
Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T, et al. Long-term results of catheter ablation
in paroxysmal atrial fibrillation: lessons from a 5-year follow-up. Circulation 2010 Dec 7;122(23):
2368-2377.
Tilz RR, Rillig A, Thum AM, Arya A, Wohlmuth P, Metzner A, et al. Catheter ablation of long-standing
persistent atrial fibrillation: 5-year outcomes of the Hamburg Sequential Ablation Strategy. J Am
Coll Cardiol 2012 Nov 6;60(19):1921-1929.
Weerasooriya R, Khairy P, Litalien J, Macle L, Hocini M, Sacher F, et al. Catheter ablation for atrial
fibrillation: are results maintained at 5 years of follow-up? J Am Coll Cardiol 2011 Jan 11;57(2):
160‑166.
Vermond RA, Geelhoed B, Verweij N, Tieleman RG, Van der Harst P, Hillege HL, et al. Incidence
of Atrial Fibrillation and Relationship With Cardiovascular Events, Heart Failure, and Mortality: A
Community-Based Study From the Netherlands. J Am Coll Cardiol 2015 Sep 1;66(9):1000-1007.
Pathak RK, Middeldorp ME, Lau DH, Mehta AB, Mahajan R, Twomey D, et al. Aggressive risk factor
reduction study for atrial fibrillation and implications for the outcome of ablation: the ARREST-AF
cohort study. J Am Coll Cardiol 2014 Dec 2;64(21):2222-2231.
Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong CX, et al. Long-Term Effect
of Goal-Directed Weight Management in an Atrial Fibrillation Cohort: A Long-Term Follow-Up Study
(LEGACY). J Am Coll Cardiol 2015 May 26;65(20):2159-2169.
De Maat GE, Van Gelder IC, Rienstra M, Quast AF, Tan ES, Wiesfeld AC, et al. Surgical vs. transcatheter pulmonary vein isolation as first invasive treatment in patients with atrial fibrillation: a
matched group comparison. Europace 2014 Jan;16(1):33‑39.

(15)

(16)

(17)
(18)
(19)

(20)

(21)
(22)

(23)

Tan ES, Mulder BA, Rienstra M, Wiesfeld AC, Ahmed S, Zijlstra F, et al. Pulmonary vein isolation
of symptomatic refractory paroxysmal and persistent atrial fibrillation: A single centre and single
operator experience in the Netherlands. Neth Heart J 2009 Oct;17(10):366‑372.
Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, et al. Updated worldwide survey on
the methods, efficacy, and safety of catheter ablation for human atrial fibrillation. Circ Arrhythm
Electrophysiol 2010 Feb;3(1):32‑38.
Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for atrial fibrillation or flutter:
the Danish Diet, Cancer, and Health Study. Am J Med 2005 May;118(5):489‑495.
Nalliah CJ, Sanders P, Kottkamp H, Kalman JM. The role of obesity in atrial fibrillation. Eur Heart J
2015 Sep 14.
Pathak RK, Elliott A, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, et al. Impact of CARDIOrespiratory FITness on Arrhythmia Recurrence in Obese Individuals With Atrial Fibrillation: The
CARDIO-FIT Study. J Am Coll Cardiol 2015 Sep 1;66(9):985‑996.
Letsas KP, Siklody CH, Korantzopoulos P, Weber R, Burkle G, Mihas CC, et al. The impact of body
mass index on the efficacy and safety of catheter ablation of atrial fibrillation. Int J Cardiol 2013 Mar
20;164(1):94‑98.
Cha YM, Friedman PA, Asirvatham SJ, Shen WK, Munger TM, Rea RF, et al. Catheter ablation for
atrial fibrillation in patients with obesity. Circulation 2008 May 20;117(20):2583-2590.
Teunissen C, Kassenberg W, van der Heijden JF, Hassink RJ, van Driel VJ, Zuithoff NP, et al. Five-year
efficacy of pulmonary vein antrum isolation as a primary ablation strategy for atrial fibrillation: a
single-centre cohort study. Europace 2016 Feb 2.
EHRA Scientific Committee Task Force:, Gorenek B, Pelliccia A, Benjamin EJ, Boriani G, Crijns HJ, et
al. European Heart Rhythm Association (EHRA)/European Association of Cardiovascular Prevention
and Rehabilitation (EACPR) position paper on how to prevent atrial fibrillation. Europace 2016
Nov 4.

35

Chapter 2

Obesity is associated with impaired long-term success of PVI

Chapter 3
Relation of overweight and symptomatic
atrial fibrillation: a case-report
G.E. de Maat, H.Z.R. Gerds-Ploeger, M.A. Mariani, I.C. Van Gelder, J. Brügemann,
M. Rienstra
Heart Rhythm Case Rep 2015 1(5):342-344

Relation of overweight and symptomatic atrial fibrillation

Over the past few decades, obesity has become a global epidemic and represents a major
challenge for current and future health(1). Although the exact pathogenesis of AF is not
completely understood, there is compelling evidence that obesity increases the risk for
new-onset and recurrences of AF and increases progression to more persistent forms of
AF(2). Weight reduction in patients with AF, reduces the burden and number of AF-episodes and cumulative AF duration(3). These findings support therapy directed at reduction
of weight and controlling risk factors in the treatment of AF. We herein present the case of
a 46-year-old male patient with symptomatic AF and a temporal relation between weight
changes and recurrences of AF.

Case
A 46-year-old Caucasian male with a history of hypertension and 10 years paroxysmal
AF was referred to our center. The patient had failed on a class IC and III anti-arrhythmic
drugs, and suffered from a progressive frequency and severity of palpitations and fatigue
(EHRA-score=3). The calculated CHA2DS2-VASc score was 1 (hypertension). The patient’s
body mass index was 28.3 kg/m2 (97 kg, 185cm) at time of referral. In the work-up for
PVI, transthoracic echocardiography showed normal cardiac function, and a left atrial
volume indexed of 29.1mL/m2. The transcatheter PVI using radiofrequency energy was
performed. After the PVI, the patient lost 10kg with the help of our institutional patient
tailored 3-month cardiac rehabilitation program which constituted of low-intensity exercise guided by a physiotherapist, a balanced diet supported by our institutional nutritionist and nutritional psycho-education provided by the psychologist. Thereafter, the patient
was free of atrial arrhythmias during the first 6 months. In the next 6 months the patient
lost another 4kg, arriving at 83kg. The variance in patients weight over time is depicted
in Figure 1. Two years after the first PVI, the patient regained weight up to 98kg and experienced a symptomatic recurrence of paroxysmal AF, which was confirmed by 24hour
Holter monitoring. A second electrophysiological examination and PVI was scheduled, but
with physical exercise the patient managed to lose weight up to 89kg. From that point he
was asymptomatic and in sinus rhythm. The re-PVI was therefore not performed. The patient was in sinus rhythm for over 1 year, until he regained weight up to 100kg. This time,
the recurrent AF episode was classified as persistent, which was confirmed by 24hour
Holter monitoring. The patient underwent elective electrocardioversion and flecainide
was restarted. Another year later, weighing 103 kg, the patient remained having severely
symptomatic AF, with an AF-burden on 24 hour Holter monitoring of 39%. The patient
was again referred to our cardiac rehabilitation facility, the patient lost 15 kg again and
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Figure 1. Association between weight and heart rhythm

symptomatic AF disappeared. Since then, neither AF nor other atrial arrhythmias were
seen on 24 hour Holter monitoring.

Discussion
Obesity is associated with multiple cardiovascular risk factors, e.g. hypertension, dyslipidemia, insulin resistance, obstructive sleep apnea syndrome, pericardial fat deposition, and
a systemic inﬂammatory state(4). After adjustment for other risk factors, obesity and is associated with an increased risk of cardiovascular diseases, such as ischemic heart diseases,
heart failure, and AF (5). There is abundant evidence for the involvement of obesity in the
development of AF. Obese individuals have up to 2.4-fold increased risk for new-onset
AF(6). The dynamic association of weight with AF prevalence was previously presented
in the Women’s Health Study(7). Mechanisms underlying the relation between obesity
and new-onset AF, may relate to structural remodeling caused by elevated end-diastolic
pressure, inflammation, and increased plasma volume(8,9). Also, obesity is known to be
associated with sleep apnoe syndrome, an independent risk factor for AF(10).
Our case underscores the direct (12-year) temporal relation between weight and symptomatic AF. In the particular case when weight was > 95kg, the patient suffered from
symptomatic AF recurrences. All 24-hour ECG registrations performed, in total 360 hours,
40

are depicted in Figure 1. After testing, no obesity-associated comorbidities like diabetes,
metabolic syndrome and sleep apnea syndrome appeared to be present in our case.
The finding that obesity itself may also induce AF or increase AF burden has been reported in previous studies(11). It is unknown if this risk factor is attributable only to
body composition or also the level of physical activity(12). Also, the role of epicardial fat
remains to be thoroughly investigated as a risk factor(13). It is important to recognize
that obesity is a modifiable risk factor, although its management can be very challenging in the clinical practice. A recent randomized trial compared intervention with active
weight management to general lifestyle advice. Results of this pivotal paper show that
weight reduction with intensive risk factor management causes a significant reduction in
AF symptom burden and severity(3). The recent ARREST-AF trial showed that aggressive
risk factor improves long-term outcomes of AF ablation(14). Furthermore, if this weight
loss is sustained at long-term follow-up, reduction of AF burden and maintenance of sinus
rhythm are significantly higher compared to patients with weight fluctuation(15). In fact,
our case nicely illustrates the relation of overweight and recurrence of symptomatic AF,
and stresses the importance of weight counseling in patients referred for symptomatic
AF, especially before considering invasive treatment modalities such as transcatheter or
surgical pulmonary vein isolation (PVI). A cardiac rehabilitation program is an option for
such patients.

Conclusions
Weight reduction and life style management is important in the treatment of symptomatic
AF and warrants more attention.

41

Chapter 3

Relation of overweight and symptomatic atrial fibrillation

Chapter 3

References
1.

2.

3.

4.

5.

6.
7.

8.
9.
10.

11.
12.
13.

14.

15.

42

Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and global trends in body-mass
index since 1980: systematic analysis of health examination surveys and epidemiological studies
with 960 country-years and 91 million participants. Lancet. 2011;377:557–67.
Tsang, TS, Barnes ME, Miyasaka Y, Cha SS, Bailey KR, Verzosa GC, Seward JB, Gersh BJ. Obesity as a
risk factor for the progression of paroxysmal to permanent atrial fibrillation: a longitudinal cohort
study of 21 years. Eur. Heart J. 2008;29:2227-2233.
Abed, HS, Wittert GA, Leong DP, et al. Effect of weight reduction and cardiometabolic risk factor
management on symptom burden and severity in patients with atrial fibrillation: a randomized
clinical trial. JAMA. 2013;310: 2050-2060.
Asghar O, Alam U, Hayat SA, Aghamohammadzadeh R, Heagerty AM, Malik RA. Obesity, diabetes
and atrial fibrillation; epidemiology, mechanisms and interventions. Curr Cardiol Rev. 2012;8:
253–64.
Rimm EB, Stampfer MJ, Giovanucci E, Ascherio A, Spiegelman D, Colditz GA, Willett WC. Body size
and fat distribution as predictors of coronary heart disease among middle-aged and older US men.
Am. J. Epidemiol. 1995:141, 1117-1127.
Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for atrial fibrillation or flutter:
the Danish Diet, Cancer, and Health Study. Am. J. Med. 2005; 118, 489‑495.
Tedrow UB, Conen D, Ridker PM, Cook NK, Koplan BA, Mason JE, Buring JE, Albert CM. The longand short-term impact of elevated body mass index on the risk of new atrial fibrillation, the WHS
(women’s health study). J Am Coll Cardiol 2010;25;55(21):2319‑27
Schoonderwoerd BA, Smit MD, Pen L, Van Gelder IC. New risk factors for atrial fibrillation: Causes
of ‘not-so-lone atrial fibrillation’. Europace. 2008;10:668‑73.
Lin YK, Chen YJ, Chen SA. Potential atrial arrhythmogenicity of adipocytes: Implications for the
genesis of atrial fibrillation. Med Hypotheses. 2010;74:1026‑9.
Steveson IH, Teichtahl H, Cunnington D, Ciavarella S, Gordon I, Kalman JM. Prevalence of sleep
disordered breathing in paroxysmal and persistent atrial fibrillation patients with normal left ventricular function. Eur Heart J 2008;13:1662‑9
Hatem SN, Sanders P. Epicardial adipose tissue and atrial fibrillation. Cardiovasc Res. 2014;102:
205‑213.
Wyse DG, Van Gelder IC, Ellinor PT, Go AS, Kalman JM, Naravayan SM, Nattel S, Schotten U, Rienstra
M. Lone atrial fibrillation: does it exist? J Am Coll Cardiol 2014;17:1715‑23
Al Chekakie MO, Welles CC, Metoyer R, Ibrahim A, Shapira AR, Cytron J, Santucci P, Wilber DJ, Akar
JG. Pericardial fat is independently associated with human atrial fibrillation. J Am Coll Cardiol 2010;
31:56(10):784‑8
Pathak RK, Middeldorp ME, Lau DH, et al. Aggressive risk factor reduction study for atrial fibrillation
and implications for the outcome of ablation: the ARREST-AF cohort study. J Am Coll Cardiol 2014;
64(21):2222‑31
Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan R, Wong CX, Twomey D, Elliot AD,
Kalman JM, Abhayaratna WP, Lau P, Sanders P. Long-term effct of goal directed weight management
in an atrial fibrillation cohort: a long-term follow-up study (LEGACY Study). J Am Coll Cardiol 2015;
pii:S0735-1097(15):00761‑5.

Chapter 4
What does the blanking period blank?
M.A. Mariani, A. Pozzoli, G.E. De Maat, O.R. Alfieri, S. Benussi
J Atr Fibrillation. 2015 Dec 31;8(4):1268

The blanking period

Letter to the Editors

In recent years, pulmonary vein isolation (PVI) has become an accepted treatment for
paroxysmal, drug-refractory atrial fibrillation (AF). According to the Expert Consensus
Statement on Catheter and Surgical Ablation of Atrial Fibrillation, the first three months
after any form of myocardial ablation should not be taken into account when reporting
procedural outcomes. This “blanking period” has become universally recognized, but it is
not well grounded. The early recurrences of arrhythmia such as AF, left atrial tachycardia,
atrial flutter are defined as ERAT, reported to occur in up to 40% of patients and they
are considered temporary and benign. However, half of these patients, with symptomatic
ERAT after ablation will have later relapses(1-4). Also, a part of arrhythmic episodes occur asymptomatically, making continuous monitoring an absolute condition to report the
incidence and predictive value of ERAT during the blanking period(1).

Discussion
Several mechanisms (atrial local inflammation, increased adrenergic tone and changes in
fluid and electrolytes balances) play a role in determining the transient increase in the
risk of post-procedural atrial tachyarrhythmias occurring early after ablations. Therefore,
a blanking period of 3 months after any form of PVI has been accepted, because of the
difficulty to distinguish true early recurrences from transient ERAT related to peri-procedural reversible causes(1-4). The question is on which scientific proof experts have set
this time-window. Currently, there is consistent evidence that ERAT mainly occurs during
the first two weeks(5-7). In a very thorough analysis, Joshi et al. have investigated the
blanking period during the first three months, continuously monitoring the rhythm with
loop-recorders in patients suffering from highly symptomatic lone AF. They reported that
ERAT after transcatheter PVI occurred mainly within the first two weeks(2), as Oral already
stated in 2002(6).
Koyama et al. reported that the freedom from arrhythmia at 6 months after percutaneous
ablation for paroxysmal AF was 76% in patients who had ERAT during the first 3 days, while
was only 30% in patients with ERAT within 4-30 days(7). Evidently, immediate AF recurrence has a different mechanism and impact on midterm outcomes. Acute inﬂammatory
changes after ablation may be responsible for immediate recurrence, since application of
ablative energy in atrial tissue has a pro-inflammatory effect and thus potentially pro-arrhythmogenic (e.g. modification of action potential duration of atrial and pulmonary veins
myocardium)(9). Markers of inflammation (IL-6 and CRP) have shown to be significantly
increased only in the first week (at day 2 and 7) after the procedure(9). Accordingly, low
post-operative dose of corticosteroids proved effective and safe in preventing mid-term
AF recurrences(10).
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The ERAT within 3 months following catheter ablation are observed with a prevalence
varying from 35% to 65%. The incidence of ERAT is highest in the immediate postablation period and progressively decreases thereafter(5-7). Again, patients with ERAT after
percutaneous ablation were significantly less likely to have long-term freedom from recurrent AF than patients without ERAT. Two interesting findings should be noted: first,
the significance of ERAT as predictor of late recurrences becomes more significant after
the first month. Such time-dependence of the predicting value of the ERAT relates with
the pro-arrhythmic effect of the ablations, again mainly mediated by the inflammatory
cascade, which progressively wanes off. Consequently, the time of occurrence of the first
relapse impacts mid-term outcomes, since patients who had ERAT within 4 weeks had
better outcomes than those with later recurrence. Predicting which early arrhythmias will
eventually lead to late recurrences deserves focused research; patient selection plays a key
role as well as independent predictors of failure (increased age, hypertension, persistent/
permanent AF, left atrial enlargement and incomplete transmurality)(11).
Finally, there is the issue of edema in the anatomical region where ablation energy is
delivered. In a pig model it has been demonstrated that tissue edema, following linear
ablations in the right atrium, resolved within 4 weeks(12). Also, the important study of
Okada et al., investigating edema in the left atrium after transcatheter radiofrequency PVI,
has showed that, although edema is formed in the ablated and surrounding tissue within
seconds following ablation, this is no longer present at 1 month follow-up(13).
In conclusion, a number of issues suggest that the 3-month blanking period is too long.
Among them, the most valid one is that the inflammation process after PVI tends to
resolve in about 1 week, tissue edema following ablation disappears within one month
and that recurrences occurring during the first month do not correlate with long-term
failures. A blanking period of 4 weeks after ablations (either surgical or transcatheter)
appears therefore reasonable and should not be intended as a clinically useless period.
Instead of masking, future trials may consider to monitor ERAT and report their timing as
independent endpoints.
The first month thoroughly monitored should be a reliable prediction tool and ERAT can
identify patients at high risk of true recurrence in whom a firm management of the rhythm
(early cardioversions, repeated ablations) may be appropriated. The current blanking
period seems to be more expert than evidence based. Even if the currently accepted
blanking period of 3 months could preserve patients from undue early re-ablations, what
does it actually blank?
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Abstract
Aims. Pulmonary vein isolation (PVI) can be considered for treatment of symptomatic
atrial fibrillation (AF). Nowadays, in addition to transcatheter ablation, thoracoscopic surgical PVI is available. The aim of present study is to compare clinical outcome of surgical
with transcatheter PVI as first invasive treatment strategy of AF.
Methods. From June 2009 to November 2011, 33 patients underwent minimally invasive
surgical PVI, and were matched (1:2 fashion) retrospectively according to age, sex, and AF
type, with 66 patients who underwent transcatheter PVI. Success was defined as freedom
from atrial arrhythmias on 24h Holter monitoring without use of anti-arrhythmic drugs
(AADs) at one year.
Results. Mean age was 52±10 years, 82% were male. Paroxysmal AF was present in 76
patients (77%), persistent AF in 23 (23%). None underwent prior ablations, and failed on
1.2±0.6 AADs. At 12 months, complete freedom from atrial arrhythmias without AADs in
the surgical PVI group was 88% compared to 41% in the transcatheter PVI group (p<0.001).
Freedom from atrial arrhythmias with AADs was 91% versus 62%, in the surgical versus
transcatheter PVI group, respectively (p=0.002). Complications occurred in 7 (21%) surgical PVI, and 3 (5%) transcatheter PVI patients (p=0.015).
Conclusions. In present matched study comparing a surgical with transcatheter PVI treatment strategy in symptomatic AF patients failed on AADs, but without prior ablations, a
surgical PVI strategy was more effective to prevent recurrence of atrial arrhythmias, than
a transcatheter PVI treatment strategy. However, complications were more frequent with
surgical PVI.
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Atrial fibrillation (AF) has a major impact on health care in the Western population and
is associated with poor prognosis(1,2). AF is associated with impaired quality of life, and
two-third of the AF-patients are symptomatic(3). According to the European Society of
Cardiology (ESC) guidelines, pharmacological rhythm-control therapy is recommended
for symptomatic AF patients. However, antiarrhythmic drugs (AADs) are only moderately
effective maintaining sinus rhythm and have known adverse effects(4,5). Non-pharmacological therapies have been introduced in the last decade to improve rhythm-control
therapy(6). Transcatheter pulmonary vein isolation (PVI) is a widespread and wellestablished technique to prevent recurrence of AF(1,2). Transcatheter PVI is reported to
be effective in 61-89% of patients, with a complication rate of 6%(7). In approximately
one-third of the patients multiple transcatheter ablations are necessary(7). Surgical treatment for AF was first described by Cox et al(8). Long-term results of the Maze-III operation
are excellent, with freedom from symptomatic AF up to 90% at 10-year(9,10). However,
this invasive procedure proved technically demanding which limited the popularity and
applicability. Therefore, minimally invasive surgical PVI, using bipolar radiofrequency (RF)
and other energy sources has been developed and is applicable through video assisted
thoracoscopic (VATS) approach,(11-13) 65-82% freedom from AF without AADs has been
reported in small series(14-17). Surgical PVI has a class IIb recommendation in current ESC
AF guidelines for patients with a failed transcatheter PVI(18). In the recently published
“Atrial Fibrillation: Ablation or Surgical Treatment (FAST)” study, surgical PVI was superior
to transcatheter PVI with regard to freedom from AF in patients who failed on at least
one AAD and the majority had undergone a prior transcatheter PVI, although a higher
complication rate of surgical PVI was reported(19). The aim of the present study was to
compare the efficacy and safety of surgical and transcatheter PVI as first invasive treatment strategy for AF.

Methods
We compared a surgical PVI and a transcatheter PVI treatment strategy in patients with
paroxysmal or short-lasting persistent AF, who failed on at least one AAD, but without
prior ablation. Potential PVI candidates were seen at the outpatient department by a
cardiothoracic surgeon and an electrophysiologist, and were good candidates for either
procedure. After informing the patient, and after reading the addition patient information of both procedures, the final decision was led to the discretion of the patient. The
surgical PVI group consisted of 33 consecutive patients, operated between June 2009
and November 2011. The thoracic surgeon (MM) who performed the surgical PVIs, had
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performed >50 surgical PVI procedures. Patients treated with surgical PVI were matched
retrospectively 1:2 according to age, sex, and duration of AF, with patients who underwent
transcatheter PVI in the same calendar period. In total, 66 patients treated with transcatheter PVI, were selected from the University Medical Center Groningen PVI database. Both
electrophysiologists (ACPW, EST) who performed the transvenous PVIs were experienced
and had performed > 500 PVI procedures. Exclusion criteria for surgical PVI were left
atrial size >55mm (parasternal view), prior transcatheter PVI, prior heart or lung surgery,
significant coronary disease or previous myocardial infarction, left ventricle hypertrophy
>12mm, previous hospitalization for heart failure, left ventricular dysfunction (ejection
fraction <50%), moderate or severe mitral- or aortic valve disease, or lung disease (prior
tuberculosis or chronic obstructive pulmonary disease Gold class III-IV). All patients were
eligible for the transcatheter PVI according to ESC AF guidelines(18).
Patients were admitted to the hospital 2 days prior to surgical or transcatheter PVI. Oral
anticoagulation was discontinued two days before the procedure and replaced by full-dose
low-molecular-weight heparin. At admission, a trans-oesophageal echocardiography was
performed to exclude atrial thrombi and computed tomography (CT) scan was performed
to document the anatomy of the pulmonary veins and left atrium.
The surgical PVI consisted of a minimal invasive off-pump bilateral video assisted thoracic
surgery (VATS), which was performed under general anaesthesia and selective lung ventilation. First, the right pulmonary veins were accessed from the right side, through two
5-mm ports and one 10-mm port in a diamond-shape configuration, according to patient’s
body size and shape. After right lung deflation, the pericardium was opened and blunt
dissection was used to surround the right pulmonary veins. A bipolar clamp (AtriCure,
Inc, Cincinnati, Ohio USA) using RF, was used to achieve 3-5 linear ablation lesions(12).
To confirm PVI, in all patients direct pacing (120bpm, 18mV output, 200Hz) was applied
on the pulmonary veins (exit blocks). Then, from the left side, the left pulmonary veins
were targeted in the same manner. Whenever active ganglionic plexi were found these
were additionally ablated using the monopolar Isolator Pen (Atricure Inc, Cincinnati, Ohio
USA)(20,21). Ganglionic plexi were tested for inducibility by high rate pacing and ablated.
Successful ablation was confirmed by the absence of a vagal response after ablation. No
additional linear ablation lines were applied on the atria and the left atrial appendage was
not amputated.
The transcatheter, wide circumferential PVI was performed as described by Pappone
under local anesthesia using the Seldinger technique through the right femoral vein and
subsequently through the atrial septum by puncture(22). A bidirectional steerable sheath
(Agilis® St. Jude Medical Inc., St. Paul, MN, USA) was employed. One decapolar catheter
(Cordis-Webster, Miami, FL, USA) with 5-mm electrodes and 2-mm inter-electrode spacing
was placed in the coronary sinus. A bolus of unfractionated heparin was administered
after the first transseptal puncture and subsequently, an additional bolus of heparin after
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two hours. The left atrium and the pulmonary veins were mapped and reconstructed using
CARTO FAM 3D electro-anatomic maps (Biosense-Webster, Diamond Bar, CA, USA). Then
the CARTO® left atrium map was aligned to the CT scan reconstruction of the left atrium.
Point-by-point ablation lines were created, circumferating each pulmonary vein using RF
pulses in unipolar mode via the distal catheter electrode (EZ-steer Biosense Webster, CA,
USA)(23). Radiofrequency energy was delivered at a temperature setting of 60°C, with a
power limit of 40 W during 40 seconds, except for the posterior atrium where a maximum
of 30 W was delivered during 30 seconds. In case of an impedance rise, cough, burning
pain or severe bradycardia, RF delivery was stopped. After deployment of the contiguous
focal lesions, measurement of the effective electrical disconnection was performed only
by pacing within the pulmonary veins (exit block), no fixed diameter steerable decapolar
circumferential catheter (Lasso, Biosense Webster, CA, USA) was employed. If patients
were in AF before measurement, a cardioversion was performed. During the first procedure, no additional linear ablation lines or CAFE ablations were performed. If AF recurred
or flutter occurred, 3 months after the first transcatheter PVI, the completing of the lines
around the pulmonary veins was checked, and if necessary, lines were completed. Additional lines ablation was performed at the discretion of the treating electrophysiologist,
or in case of a typical atrial flutter a cavotricuspid isthmus (CTI) ablation was performed.
After the PVI procedure patients were treated with full-dose low-molecular-weight heparin. In the surgical group oral anticoagulation was restarted one month post procedure
(to prevent bleeding), and low-molecular-weight-heparin was stopped when INR>2.0 was
reached. In the transcatheter group oral anticoagulation was immediately post-procedure
restarted, and low-molecular-weight-heparin was stopped when INR>2.0 was reached.
Oral anticoagulation treatment was determined based on the CHADS2VA2Sc score for
stroke(1,2). AADs were continued during the first three months(24).
Patients treated with surgical PVI were seen at 1 week, 1, 3, 6, and 12 months post-PVI. In
the transcatheter group, patients were first seen at 3 months post ablation, and at 6 and
12 months. To assess the occurrence of (a)symptomatic atrial arrhythmias, at 6 months
96-hour Holter monitoring and at 12 months 24-hour Holter monitoring was performed. At
each visit a routine 12-lead ECG was performed, and when atrial arrhythmia was detected,
a 12-lead rhythm strip (>30 seconds) was produced. The indication for a re-PVI procedure
was based on the presence of symptomatic atrial arrhythmias, patient preference, and led
to the discretion of the treating physician. Echocardiography was performed at all visits
except at 6 months, when a cardiac CT scan was performed to document possible potential pulmonary vein stenosis. In addition to standard echocardiographic measurements,
we measured atrial dimensions and total atrial conduction time. Left atrial (LA) volume
was calculated and corrected for body surface area (BSA) with the following formula:
((0.523*LA parasternal* LA length * LA width) / BSA) / 1000. Total atrial conduction time
(TACT) is the time between initiation of the electrocardiographic P-wave and the peak
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velocity of the left atrial free wall measured with tissue velocity imaging, and is a measure
for atrial conduction(24). Pre-ablation and at 12-months quality of life (QoL) was assessed
using the validated Dutch SF-36 questionnaire(25).
Primary efficacy endpoint was freedom of atrial arrhythmias after one or more PVI
procedures, i.e. no evidence of AF, atrial flutter, or other atrial arrhythmias with a duration >30 seconds, without use of AADs at twelve months, or at end of follow-up. This
in accordance with the definitions as described in the 2012 expert consensus statement
on AF ablation(26). Secondary efficacy endpoints were freedom from atrial arrhythmias
with the use of AADs, quality of life, and atrial diameters, total atrial conduction time and
volume. Recurrences of AF were censored within the first three months (blanking period)
to prevent unjustified classification of failure(27).
Primary safety end point was the occurrence of procedural and post-procedural complications. Complications were defined as an event that resulted in death or permanent injury,
in temporarily injury that required intervention or specific treatment, or (prolonged)
hospitalization >48 hours (eg. stroke, transient ischemic attack, major bleeding requiring
surgery or blood transfusion or >2.0 points hemoglobin decrease, cardiac tamponade and/
or perforation, significant/symptomatic PV stenosis >70%, pericarditis and/or pericardial
effusion, acute coronary syndrome, myocardial infarction, fluid retention, nervus phrenicus lesion, pneumothorax, wound infections, empyema, pneumonia, peri-procedural
conversion to thoracotomy, and other not pre-defined events).
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, depending on the normality of the data, and counts with
percentages for categorical variables. Differences between both groups (surgical versus
transcatheter PVI), at baseline, during follow-up and end of study were evaluated by
the Student t test or the Mann-Whitney U test, depending on normality of the data, for
continuous data. Fischer’s exact test was used for comparison of categorical variables.
Kaplan-Meier analysis was used to assess freedom from atrial arrhythmias. Data was
censored for patients with recurrence of atrial arrhythmias, completed follow-up duration
or reached the last date of follow-up, whichever came first. Statistical significance was
considered at the level of p<0.05. The statistical software package IBM SPSS Statistics 20
was used for the analyses.

Results
Of the 99 patients included in this study, 33 consecutive patients were treated with surgical PVI, the other 66 patients were treated with transcatheter PVI (Table 1). Mean age was
52±10 years; 81 (82%) were male. Atrial fibrillation was paroxysmal in 76 (77%) patients
and persistent in 23 (23%). Median time from first AF to ablation was 50 months (range
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Table 1. Baseline characteristics of patients undergoing surgical or transcatheter PVI.
Surgical PVI
group (n=33)

Transcatheter
PVI group (n=66)

P-value

Age (years)

51±10

53±9

0.53

Male

27 (82%)

54 (82%)

1.00

Paroxysmal

28 (85%)

48 (73%)

Persistent

5 (15%)

18 (27%)

41 [5-203]

58 [8-344]

Type of AF

Total duration AF (months)

0.21

0.16

Hypertension

10 (30%)

28 (44%)

0.28

Diabetes mellitus

-

4 (6%)

0.30

Coronary artery disease

-

3 (5%)

0.55

Chronic obstructive pulmonary disease

1 (3%)

4 (6%)

0.66

Palpitations

22 (67%)

53 (80%)

0.15

Dyspneu

9 (27%)

13 (20%)

0.45

Fatigue

6 (18%)

15 (23%)

0.80

Chest pain

4 (12%)

4 (6%)

0.44

Previous class I AAD
Previous class III AAD

23 (70%)
14 (42%)

39 (59%)
41 (62%)

0.38
0.09

Body Mass Index (kg/m²)

28±3

28±4

0.93

Body Surface Area (m²)

2.2±0.2

2.2±0.2

0.53

Systolic blood pressure (mmHg)

126±20

128±18

0.66

Diastolic blood pressure (mmHg)

74±9

80±9

0.008
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Echocardiographic measurements
LA volume (ml)

29.5±9.1

28.3±8.6

0.56

Parasternal LA diameter (mm)

41.7±5.4

40.8±5.4

0.46

LVEDD (mm)

51.0±4.4

51.2±6.1

0.88

LVESD (mm)

33.2±5.8

34.0±6.8

0.57

Medication at baseline
Oral anticoagulation

16 (48%)

52 (78%)

0.003

Beta blocker

18 (55%)

33 (50%)

0.83

Verapamil

7 (21%)

10 (15%)

0.57

Digoxin

1 (3%)

3 (5%)

0.10

ACE-I

4 (12%)

20 (30%)

0.051

ARB

5 (15%)

14 (21%)

0.59

Antiarrhythmic drugs
Flecainide

17 (52%)

24 (36%)

0.20

Sotalol

7 (21%)

13 (20%)

1.00

Amiodarone
Total atrial conduction time (ms)

3 (9%)

13 (20%)

0.25

127±22

128±23

0.87

AADs= anti arrhythmic drugs; ACE-I= Angiotensin Converting Enzyme inhibitor; AF=atrial fibrillation; ARB=
angiotensin receptor blocker; LA=left atrium; LVEDD= Left ventricular end diastolic diameter; LVESD= Left
ventricular end systolic diameter; PVI=pulmonary vein isolation.
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5-344) and patients had failed on 1.2±0.6 AADs. At baseline there were no significant differences between both groups, except for diastolic blood pressure, which was lower in the
surgical group (74 mmHg versus 80 mmHg, p=0.003) and oral anticoagulation use, which
was higher in the transcatheter group (48% versus 79%, p=0.002).
Mean intervention time of the surgical PVI was 155±33 minutes compared to 199±54
minutes of the transcatheter PVI (p<0.001). In all surgical PVI procedures, acute success
was reached and confirmed by acute exit blocks, whereas after first transcatheter PVI, in
14 patients conduction block was doubtful and in 2 patients conduction block was not
achieved. Further, in 2 transcatheter PVI patients it was not possible to isolate the right
pulmonary veins. During the surgical PVI, ganglionated plexi were found and additionally
ablated in 25 (76%) patients, which was not performed in the transcatheter PVI group.
Following surgical PVI, hospitalization was 8.4±4 days, compared to 2.4±2 days in the
transcatheter group (p<0.001).
Mean follow-up was 12.6±2 months. Two patients in the surgical group, and 2 in the
transcatheter group did not complete the 12-month follow-up. Last follow-up in those
patients was the 6-month visit. Three (9%) surgical PVI patients underwent an additional
transcatheter ablation, and 1 (3%) patient underwent 2 additional transcatheter ablations. In 3 patients the combination of surgical and transcatheter PVI led to freedom from
atrial arrhythmias. In the transcatheter group 25 (38%) patients underwent a second PVI
procedure, and 1 (1%) patient underwent a third procedure. At 12 months, 7 (11%) transcatheter PVI patients were awaiting a second ablation and 7 (11%) were awaiting a third
ablation. In the surgical group, no patients were awaiting additional ablative procedures.
Freedom from atrial arrhythmia without AADs occurred in 27 patients (87%) in the surgical
and in 27 (42%) in the transcatheter group (p<0.001). Freedom from atrial arrhythmia
with AADs occurred in 28 patients (90%) in the surgical and in 4 (63%) in the transcatheter
group (p=0.007). Kaplan Meier curves are depicted in Figure 1A. In Figure 1B, we show the
Kaplan Meier curves, excluding the patients awaiting an additional ablation procedure (n=
14 in the transcatheter PVI group).
In the surgical PVI-group, 7 (21%) patients developed a major complication in the postoperative phase, compared to 3 (5%) in the transcatheter group (p=0.015). In the surgical
group 2 patients required intervention by VATS for evacuation of a tamponade, one during
hospital admission, the other patient was re-admitted 5 days after surgery. Another patient
with pericardial effusion was re-admitted, but did not require treatment and recovered
completely. One patient had a hemoglobin decrease of 2.3 mg/dl, although only 300ml
periprocedural blood loss was recorded, and blood transfusion was not required. One
patient developed a peri-operative cerebrovascular accident with partial recovery. A transient unilateral paralysis of the diaphragm was also recorded, and a prolonged hospitalization for fluid retention requiring diuretics. In the transcatheter group, one patient suffered
from a peri-procedural tamponade, which required immediate drainage, another patient
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Figure 1. Kaplan-Meier curve of arrhythmia free survival after surgical versus transcatheter PVI, with and
without AAD.
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B

In Figure 1A all 99 patients were included, in Figure 1B those awaiting an additional ablation were excluded
(n=14, all in the transcatheter group).

had a bleeding from the groin, requiring surgical intervention. Furthermore, one patient
had a prolonged hospitalization due to a peri-procedural allergic reaction on local anesthetic drug. All transcatheter patients recovered completely. During 12-months follow-up,
no other cardiovascular events, i.e. stroke, major bleeding, myocardial infarction, heart
failure hospitalization or death occurred in both treatment strategies.
Quality of life (QoL) questionnaires were obtained from 19 (58%) patients in surgical PVI
group and 30 (45%) in transcatheter PVI group. At baseline, there were no significant
differences between both groups. After 12 months follow-up, 5 domains of the SF-36
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Figure 2. Results of SF-36 quality of life questionnaire at 12 months follow-up.
Quality of Life at 12 months follow-up
SORT CASES BY rand_STRAT.

Score (mean) on SF-36 scales

100

80

60

*

*
*

*

*
sPVI
PVI

40

20

0

*p<0.05, difference between groups. PVI=transcatheter pulmonary vein isolation; sPVI=surgical pulmonary
vein isolation.

questionnaire were statistically significant different between both groups, in favour of the
surgical PVI group (Figure 2). At 12 months, surgical PVI group showed significant increase
in QoL in 6 out of 8 domain whereas transcatheter PVI group showed no significant increase in QoL, except for the domain of social functioning.
Baseline and follow-up echocardiographic data was available in 33 (100%) surgical PVI
group and 57 (86%) in transcatheter PVI group (Table 2). No change in LA diameter and
volume was observed between baseline and end of follow-up. Since sinus rhythm (and
adequate P-wave detection) is mandatory for total atrial activation time (TACT)-measurement, data is only available in a subset of patients with sinus rhythm at baseline and at
follow-up (Both baseline and follow-up TACT measurements were available in 18 (55%)
patients of the surgical group and 19 (29%) of the transcatheter group). No significant
change in total atrial conduction time was observed in both groups between baseline and
12 months, TACT was significantly longer (139ms) in the transcatheter group compared to
the surgical group (116ms) at 12 months (p=0.001).
Table 2. Echocardiographic measurements at end of follow-up.
Surgical PVI
group (n=33)

Transcatheter
PVI group (n=57)

P-value

LA volume (ml)

26.9±7.7

27.0±8.7

0.98

Parasternal LA diameter (mm)

42.3±5.5

40.2±5.7

0.13

Total atrial conduction time (ms)

116±16

139±27

0.001

LA =left atrial; PVI=pulmonary veins isolation.
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In present matched study comparing a surgical with transcatheter PVI treatment strategy
in symptomatic patients failed on antiarrhythmics, but without prior PVI ablations, a surgical PVI strategy is more effective than a transcatheter PVI strategy. However, the incidence
of complications was higher with surgical PVI.
Freedom from AF after surgical PVI is reported in 65-92% of paroxysmal AF patients, and
67-80% in persistent AF patients(28). A systematic review of 752 patients after surgical PVI
(with and without additional ablation lines) showed a single procedure success rate of 69%
without AADs in patients with paroxysmal or persistent AF(29). In our study, surgical PVI
showed 88% success at 12 months follow-up.
In the transcatheter group freedom of atrial arrhythmias, without AADs, was 42%, and
when excluding those waiting for an additional ablation, freedom of atrial arrhythmias
without AADs was 52%. The efficacy of transcatheter PVI has been investigated extensively
and compared with pharmacological therapy in multiple randomized clinical trials. For
example, Wilber et al. randomized a comparable population of 167 patients with paroxysmal AF to ablation or pharmacologic therapy(30). At 12 months follow-up, the catheter
ablation resulted in 66% freedom of AF. These results are better than achieved in our
population. This may be due to the fact that in our transcatheter population 27% of the
patients had persistent AF, at one year 7 (11%) were awaiting a second PVI and 7 (11%)
were awaiting a third procedure, and we measured the acute effectiveness of electrical
disconnection only by pacing within the pulmonary veins (exit block), and no steerable
decapolar circumferential catheter was employed, which may have negatively influenced
our efficacy results.
Recently, in the randomized FAST trial, a direct comparison of surgical PVI with transcatheter PVI was performed. The authors found 66% freedom from AF after surgical PVI, and
37% after transcatheter PVI (both without AADs)(19). However, in that study patients had
more progression of AF. The majority of patients had failed on a prior transcatheter PVI,
the others had enlarged left atria. This in contrast to the surgical PVI patients in our study,
where none of the patients had a prior ablation, enlarged atria (LA >55mm) and AF was
present for a shorter period of time and persistent AF was less frequent (15% compared
to 26% in the FAST-study). There are various possibilities to explain the better outcome of
surgical compared to transcatheter PVI. Firstly, surgical PVI with bipolar RF entails continuous ablation lines, compared to the point-by-point ablation line created with transcatheter
RF ablation. Secondly, with transcatheter PVI the achievement of transmural lesions and
permanent electrical conduction block is difficult. This because of variations in left atrial
wall thickness, fibrosis, and anatomical location of the pulmonary veins. Furthermore,
after acute conduction block is achieved by transcatheter PVI, electrical reconduction has
been described(31). Data regarding electrical reconduction with surgical PVI are unavail59
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able yet. Thirdly, with surgical PVI we performed the additional treatment of active ganglionic plexi(21). The benefit of active ganglionic plexi ablation remains controversial since
the potential beneficial effect has never been investigated in a randomized clinical trial
and the long-term results (possible pro-arrhythmic effect) remain to be studied(32). But
it may potentially have increased the outcome of the surgical PVI procedure(20). Lastly,
the higher success rate of surgical ablation may have also been influenced by the fact that
surgical patients seemed to have less comorbidities, although this was not statistically
significant.
Furthermore, although we had only limited QoL data and our studied was not blinded,
quality of life was significantly improved and better in patients treated with surgical PVI,
than in those with transcatheter PVI. Furthermore, echocardiographically measured left
atrial size was not different between the surgical and transcatheter PVI groups. The total
atrial conduction time (TACT), measured by tissue Doppler imaging in a subset of patients
who were in sinus rhythm at the time of echocardiography, was comparable at baseline
but significantly shorter in the surgical PVI group at 12 months. Although the limited
number of TACT measurements precludes any definite conclusions, reduced TACT without
change of left atrial size may indicate less conduction delay, i.e. reduction of the atrial
remodeling process in the surgical PVI group.
The complication rate was higher with surgical PVI. The complication rate of surgical PVI in
the present study was comparable to the 23% observed in the randomized FAST trial. Also,
the complication rate in the transcatheter PVI group in our study was comparable to prior
reports(33). This difference is not completely unexpected since surgery is a more invasive
procedure than transcatheter PVI. Comparison of complications between both procedures
is difficult because of the differences in approach and invasiveness. Of the surgical PVI
patients with a post-operative complication, 6 of 7 recovered completely, and in 2 of 7
patients (transient unilateral paralysis of the diaphragm and periprocedural hemoglobin
decrease of 2.3 points) no intervention was required. Hence, comparing surgical to transcatheter PVI, higher efficacy combined with a higher risk of complications of the surgical
PVI has to be weighed against the less effective but also less invasive procedure of the
transcatheter PVI. Large randomized clinical trials are warranted to study the outcome,
both freedom for atrial arrhythmias, but even more important freedom of AF-associated
cardiovascular morbidity and mortality of both PVI strategies. While awaiting the results
of randomized PVI trials, our results may assist physicians to select the most appropriate
patient-tailored therapy.
The extensive and consistent follow-up represents important strengths. However, our
study has limitations that merit consideration. Present study was a retrospective matched
group comparison, patients were not randomly assigned to a treatment strategy, and any
possible referral bias cannot be excluded. Furthermore, only a relatively small number
of patients were included. Lastly, we may have overlooked asymptomatic atrial arrhyth60
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mias, although we performed multiple 24-96 hr Holter monitoring in addition to ECG and
rhythm-strips.

Conclusions
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A minimal invasive surgical PVI treatment strategy was more effective in preventing recurrence of atrial arrhythmias during 12 months follow-up, compared to a transcatheter PVI
treatment strategy. However, the incidence of complications was higher with surgical PVI.
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Abstract
Objective: Minimally invasive surgical pulmonary vein isolation (SMI-PVI) is an emerging
therapy for the treatment of symptomatic drug refractory atrial fibrillation (AF). Nevertheless, the mid and long-term results of SMI-PVI remain unknown. The aim of this retrospective multi-center study is to report on mid-term efficacy and safety of SMI-PVI.
Methods: The study design was retrospective, multi-centric and observational. From July
2005 to November 2011, 86 patients with drug refractory paroxysmal or persistent AF underwent SMI-PVI in three centers. Patients were eligible for SMI-PVI when suffering from
symptomatic, drug refractory AF or after failed transcatheter PVI. Success was defined as
absence of AF on 24- or 96 hour Holter monitoring during follow-up, in the absence of
anti-arrhythmic drugs (AADs).
Results: Mean age was 54 ± 11 years, 78% male. Median AF duration was 30 months
(range, 2-203); paroxysmal AF was present in 86% of patients, persistent in 14%. Fifteen
patients (17%) underwent previous transcatheter ablations. After a median follow-up of
24 months (range: 6-78), 72% of all patients were free from atrial arrhythmias without the
use of AADs. With AADs this was 83%. Major perioperative adverse events occurred in 7
(8%) patients.
Conclusions: This retrospective multi-center study shows that SMI-PVI is effective at
median 24 months follow-up for the treatment of mostly paroxysmal drug refractory AF.
Perioperative adverse events do remain a point of caution.
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Atrial fibrillation (AF) is the most frequent cardiac rhythm disorder with an increasing
prevalence and is responsible for substantial morbidity, mortality and use of healthcare
resources1. Currently, the first choice for treating AF is pharmacological therapy with
anti-arrhythmic drugs (AADs), which has shown to be effective in less than 40% of patients2. Unfortunately, AADs have considerable adverse effects3. Rhythm-control therapy
for AF using transcatheter pulmonary vein isolation (PVI) has gained strong popularity in
younger patients in recent years, especially those with paroxysmal AF4, 5. Success rates
of transcatheter PVI vary widely, worsening with the progression of the disease to more
persistent presentations. The technical difficulty of achieving transmural electrical isolation hampers the results of transcatheter PVI, especially long-term success and in one
third of the patients more than one procedure is required to obtain stable sinus rhythm6.
Minimally-invasve surgical PVI (SMI-PVI) was introduced in 2005 as an alternative to
transcatheter PVI7. The SMI-PVI has the advantage of being less technically demanding
than a conventional full Maze open-chest operation, delivering a continuous lesion with
bipolar radiofrequency in the setting of epicardial, off pump ablation. Previous studies
with SMI-PVI have described promising short-term follow-up success rates with freedom
from AF without AADs in 64-73% of patients8-11. However, clinical outcome data beyond 1
year are largely unavailable. The aim of this paper is to report mid-term results of SMI-PVI,
by analyzing both procedural efficacy and safety in patients with mostly paroxysmal AF.

Methods
Patient Population
This observational, retrospective study examined a series of 86 consecutive patients
treated with SMI-PVI between July 2005 and November 2011 in three centers. Inclusion
criteria were symptomatic paroxysmal or persistent AF, without concomitant cardiac
structural disease, refractory to class I and/or class III AADs or failed transcatheter PVI.
Exclusion criteria for SMI-PVI were: left atrial size >55mm (parasternal echocardiographic
view), prior heart or lung surgery, significant coronary disease or previous MI, left ventricle
hypertrophy >12mm, previous hospitalization for heart failure, left ventricular dysfunction
(ejection fraction <50%), moderate or severe mitral- or aortic valve disease, or lung disease (prior tuberculosis or COPD Gold class III-IV). Definitions of paroxysmal and persistent
AF, success and failure of ablation, adverse events and follow-up monitoring were based
on the Heart Rhythm Society Consensus Statement for the catheter and surgical ablation
of AF5.
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Surgical Technique
When the technique was first introduced (2005), pulmonary veins (PVs) were targeted
via bilateral video-assisted mini-thoracotomy. Since 2007, a switch was made to a totally
thoracoscopic approach. All patients were operated in the supine decubitus position, with
general anesthesia and double-lumen endotracheal intubation. After lung deflation, the
pericardium was divided 2 cm anterior to the phrenic nerve from the superior vena cava
to the inferior vena cava (IVC). Blunt dissection was used to access the oblique sinus
between the right inferior pulmonary vein and the IVC, and both right pulmonary veins
were surrounded with the help of an articulated lighted dissector (Lumitip, AtriCure, Inc,
Cincinnati, Ohio). A rubber tube (Glidepath, AtriCure, Inc, Cincinnati, Ohio) was placed
around the pulmonary veins. A 5-cm long bipolar radiofrequency clamp (Isolator, AtriCure,
Inc, Cincinnati, Ohio) was advanced with the Glidepath attached to the tip of the lower
jaw to guide it through the oblique sinus, until its tip could be visualized cephalic to the
superior PV. Bipolar ablation was performed by closing the bipolar clamp along the left
atrial cuff adjacent to the ostium of the PVs, taking care not to ablate the PVs themselves.
This clamp produces a linear thermal lesion by radiofrequency energy. After ablation,
the measurement of effective conduction block was performed by pacing within the PVs
(exit block). After testing the conduction block, the lung was re-inflated. Then, from the
left side, the left PVs and the left atrial appendage were addressed. The placement of
thoracoscopic ports on the left side was similar to the right. After division of the ligament
of Marshall, both left PVs were surrounded by a Glidepath with the aid of the articulated
lighted dissector, as described for the right PVs. The ablation lesions were repeated at
least 3 to 5 times on each side before testing of exit block. In the last 33 patients, ganglionic plexi were tested for inducibility by means of high rate pacing12. Whenever active
ganglionic plexi were found these were additionally ablated using the monopolar Isolator
Pen (Atricure). No additional linear ablations (ablation lines) were applied on the atria. All
patients in AF were cardioverted to sinus rhythm for these measurements. Concerning left
atrial appendage (LAA) management, the LAA was excised by stapling or excluded with
the Atriclip™ device in all patients of the Center 1 series. The LAA was intentionally not
addressed in the Center 3 and a subgroup of center 2 series.

Medication
During postoperative hospitalization, patients were treated with full-dose low-molecularweight (LMW) heparin. Oral anti-coagulation (OAC) was restarted one month after surgery and LMW heparine was not stopped until INR >2.0 was reached. Anticoagulation
treatment was determined based on the CHADS2VA2Sc score for stroke4, 13. AADs were
continued during the first three months, and when atrial arrhythmias occurred in this
period, they were not treated with electrical cardioversion, as spontaneous conversion is
known to occur frequently.
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Follow-up
All patients visited the outpatient clinic and received standard care for patients treated
for AF, and underwent 24h or 96h Holter Monitoring at 3, 6 and 12 months. Due to the
observational nature of the study, no further specific investigation were requested for the
patients. After the first year, follow-up was conducted annually or on indication, consisting of 24h-Holter monitoring and physical examination during outpatient visits. In case of
early recurrence of atrial tachy-arrhythmias (before three month follow-up visit), patients
underwent cardioversion.

The primary efficacy endpoint was defined as freedom from atrial arrhythmias, i.e. no
evidence of AF, atrial flutter, or other atrial arrhythmias with a duration >30 seconds, as
documented by Holter monitoring, or implantable cardioverter defibrillator/pacemaker
interrogation, off class I or III AADs5, in accordance with the definitions as described in the
2012 expert consensus statement on AF ablation5.
Secondary efficacy endpoints were freedom from atrial arrhythmias with the use of AADs,
freedom from atrial arrhythmias after SMI-PVI as first line invasive treatment (without
previous transcatheter PVI) and freedom from atrial arrhythmias after SMI-PVI with additional ganglionic plexi ablation.
The safety endpoint was the occurrence of procedural and post-procedural adverse events.
Adverse events were defined as an event that resulted in death or permanent injury, in
temporarily injury that required intervention or specific treatment (eg. stroke, transient
ischemic attack, major bleeding requiring surgery or blood transfusion or cardiac tamponade and/or perforation, significant/symptomatic PVs stenosis >70%, pericarditis and/
or pericardial effusion, acute coronary syndrome, myocardial infarction, nervus phrenicus
lesion, pneumothorax, wound infections, empyema, pneumonia, peri-procedural conversion to thoracotomy, and other non pre-defined events).

Data analysis
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, as appropriate, and counts with percentages for categorical variables. Differences between subgroups, in terms of patient characteristics
at baseline, different follow-up times, and end of study were evaluated by the Student
t test or the Mann-Whitney U test, depending on normality of the data. Chi-square or
Fisher’s exact test were used for comparison of categorical variables. Follow-up data were
censored for patients who had a first recurrence of AF or had been followed through 1
February 2012. The observation time was calculated as the time from ablation until either
the occurrence of AF or the moment of censoring. The statistical software package SPSS
20 was used for analysis.
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Results
Patient population
A total of 86 patients were treated with SMI-PVI in three centers, by two surgeons. The
number of patients was 28, 25 and 33, respectively. Mean age was 54 ± 11, 67 (78%)
patients were male. There were 74 (86%) patients with paroxysmal AF and 12 (14%) patients with persistent AF. AF was present for a median of 30 months (2-200) before the
SMI-PVI procedure. Previous transcatheter PVI had been performed in 15 (17%) patients.
Preoperatively, 4 (5%) patients had a pacemaker and 2 (2%) patients had an ICD. Patient
baseline characteristics of the three groups are illustrated in detail in Table 1.
Table 1. Baseline characteristics
SMI-PVI group
(n = 86)

Center 1
(n=28)

Center 2
(n=25)

Center 3
(n=33)

Age, years

54 ± 11

56 ± 10

53 ± 12

51 ± 10

Male, n (%)

67 (78%)

24 (86%)

16 (64%)

27 (82%)

Paroxysmal, n (%)

74 (86%)

24 (86%)

22 (88%)

28 (85%)

Persistent, n (%)

12 (14%)

4 (14%)

3 (12%)

5 (15%)

Median AF history, months [range]

30 [2-203]

36 [12-200]

17 [2-144]

41 [5-203]

Previous transcatheter PVI

15 (17%)

12 (80%)

3 (20%)

0 (0%)

II, n (%)

38 (44%)

10 (36%)

13 (52%)

15 (45%)

III, n (%)

48 (56%)

18 (64%)

12 (48%)

18 (55%)

77 (90%)

27 (96%)

24 (96%)

26 (79%)

Type of AF

EHRA-score

NYHA-score
II, n (%)

1 (4%)

1 (4%)

7 (21%)

Body Mass Index (kg/m²)

III, n (%)

27 ± 4

9 (10%)

26 ± 3

28 ± 4

28 ± 3

Hypertension n, %

39 (35%)

12 (43%)

8 (32%)

10 (30%)

Ejection Fraction

56 ± 6

59 ± 4

56 ± 8

55 ± 4

LA Parasternal Diameter (mm)

42 ± 6

43 ± 8

42 ± 6

42 ± 5

Echocardiographic findings

AADs= anti arrhythmic drugs TEE=Thrombo-embolic event LVEDD= Left Ventricular End Diastolic Diameter
LVESD= Left Ventricular End Systolic Diameter ACE-I= Angiotensin Converting Enzyme inhibitor; ARB= angiotensin receptor blocker. LA = Left Atrium

Surgical Procedure
The procedure was performed successfully in all patients. More specifically, 13 (15%) of patients were treated via bilateral video-assisted mini-thoracotomy and 73 (85%) underwent
a total thoracoscopic approach. No additional ablation lines were applied and additional
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ablation of the ganglionic plexi was performed in 25 (29%) patients. Mean procedural time
was 180±61 minutes. The left atrial appendage (LAA) was excised in 31 (36%) patients by
stapling and was excluded in 10 (12%) patients using the Atriclip device (AtriCure, Inc,
Cincinnati, Ohio). In 45 (52%) patients, the LAA was intentionally left unaddressed. Mean
postoperative hospitalization was 7 ± 3 days.

After a median follow-up of 24 months (6-78), 62 (72%) of all patients were free from atrial
arrhythmias without the use of AADs. Success was higher when AADs were taken into
account, with 71 (83%) patients free from atrial arrhythmias.
Over time, the percentage of patients free from atrial arrhythmias without AADs use was
71% at 12 months, 72% at 24 months and 69% at 36 months (Figure 1). With the use of
AADs, freedom from atrial arrhythmias was 81%, 77% and 74% at 12, 24 and 36 months,
respectively.
Among failures, which occurred mostly during the first year, 50% (12 out of 24 patients)
received an additional transcatheter PVI. This resulted in a combined success of 80%
freedom from arrhythmia at mid-term follow-up without AADs and 91% with AADs. In 2
patients a pacemaker was implanted due to sick sinus syndrome after SMI-PVI.
Overall freedom from OAC at mid-term follow-up was 72%, in the group with LAA exclusion this was 93%, in the group without LAA exclusion this was 53% (p>0.001).
Figure 1. Freedom from arrhythmia at mid-term follow-up

Succes	
  at	
  follow-‐up	
  intervals	
  
100	
  

83/86	
  

79/86	
  
73/86	
  

90	
  

Free	
  of	
  Arrhythmia	
  (%)	
  

80	
  

48/59	
  

30/39	
  
42/59	
  

28/39	
  

70	
  

17/23	
  

16/23	
  

60	
  
50	
  
40	
  
30	
  
20	
  
10	
  
0	
  

3	
  M	
  on	
  
AADs	
  

6	
  M	
  on	
  
AADs	
  

6	
  M	
  oﬀ	
  
AADs	
  

12	
  M	
  on	
   12	
  M	
  oﬀ	
  
AADs	
  
AADs	
  

24	
  M	
  on	
   24	
  M	
  oﬀ	
  
AADs	
  
AADs	
  

36	
  M	
  on	
   36	
  M	
  oﬀ	
  
AADs	
  
AADs	
  

Time	
  	
  (Months)	
  

AADs= antiarrhythmic drugs M= months

71

Chapter 6

Efficacy endpoints

Chapter 6

Adverse events
Peri-procedural major adverse events occurred in 7 (8%) patients. During the procedure, 2
patients required conversion to sternotomy, 1 due to bleeding of the left atrial appendage
and 1 due to laceration of the right pulmonary artery. One patient required unilateral (left
side) conversion to mini-thoracotomy for left chest adhesions. During hospitalization, 2
patients had late tamponade (after 2 and 5 days) and 1 patient suffered from pericardial
effusion. These patients required evacuation through VATS and recovered completely. In
one case, pericardial effusion was not treated, and the patient recovered completely. One
patient suffered from right sided homonymous anopsia, MRI showed signs of posterior
cerebral ischeamia but was inconclusive, therefore there was a clinical diagnosis of stroke,
confirmed by a neurologist. At one year follow-up the patient had recovered partially.
No 30-days- or in-hospital mortality were recorded. As described, one patient suffered
from a laceration of the right pulmonary artery and required conversion to sternotomy.
Postoperatively, pulmonary artery angioplasty was performed by the interventional cardiologist. This patient died seven months after surgery due to a pulmonary embolism.
Furthermore, minor adverse events occurred in 7 (8%) patients. We report 4 cases of
pneumothorax, which were treated with chest drainage. Two transient phrenic nerve
lesion were observed, at 3 months follow-up the patients had completely recovered. In
one case pericardial effusion was not treated, and the patient recovered completely. All
individual adverse events are listed in Table 2.
Table 2. Major and minor adverse events
Major adverse events
Sternotomy or mini-thoracotomy due to
a) auricular bleeding

1 patient

b) pulmonary artery laceration

1 patient

c) adhesions/adherences

1 patient

Late tamponade requiring VATS

2 patients

Pericardial effusion requiring VATS

1 patient

Stroke

1 patient

Total

7 (8%)

Minor adverse events
Pneumothorax

4 patients

Transient unilateral paralysis diaphragm

2 patients

Pericardial effusion no treatment

1 patient

Total

7 (8%)

VATS=video assisted thoracoscopic surgery
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Subgroup analysis
Of all patients, 71 (83%) underwent SMI-PVI as a first invasive treatment. In this sub-group,
freedom from arrhythmia without AADs was obtained in 73%. These results do not differ
significantly when compared to patients with previous transcatheter PVI (p=0.608).
When comparing results of SMI-PVI between paroxysmal- and persistent AF patients,
the paroxysmal AF group shows 72% freedom from arrhythmia, compared to 70% in the
persistent group (p=0.876).
In our study, additional ganglionic plexi ablation resulted in freedom from arrhythmia in
75% of patients; this was 72% in the group without additional GP ablation (p=0.810).
Comparing the patients with and without LAA exclusion, adverse events occurred in 20%
and 13% respectively (p=0.438).

This study reports on a multi-center clinical experience with SMI-PVI, as a stand-alone
procedure for the treatment of refractory AF. Our results show that SMI-PVI is effective
for the treatment of mostly paroxysmal AF, and that benefits are maintained at mid-term
follow-up. Perioperative adverse events do remain a point of caution.
In recent years, several publications have reported on short-term outcomes of SMI-PVI,
showing promising results, with success rates without AADs ranging from 64%-73%8-11.
However, almost no clinical results beyond 1 year are available. The recently published
FAST-trial, which compared SMI-PVI to transcatheter PVI at 1 year follow-up, without
AADs, documented a 66% freedom from arrhythmias after SMI-PVI against 37% after
transcatheter PVI8. Compared to the FAST-trial, our data show a slightly higher success
percentage with longer follow-up. This might be explained by the higher rate of persistent
AF in the FAST-population (33%). Nevertheless, the population of the FAST trial differed
from ours in that they enrolled patients less amenable to percutaneous treatment, with
prior failed transcatheter PVI, left atrial diameter of 40 to 44 mm with hypertension or LA
diameter > 44 mm.
Two recently published studies, reporting on outcome of SMI-PVI as stand-alone procedure, show 80% success at a mean of 17 months follow-up 14, and 90% success at a mean
of 24 months15. Our study found slightly lower success rates compared to these reports,
but in a larger patient population with prolonged follow-up and an extensive description
of adverse events. Also, no additional ablation lines were applied in our series. The great
majority of patients in this study underwent SMI-PVI as first line invasive treatment. In our
sub-analysis, there was no significant difference compared to patients who underwent
previous transcatheter PVI.
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Surgical isolation of the pulmonary veins offers potential benefits; First, thanks to the use
of bipolar radiofrequency with an automatic transmurality algorithm with impedance
feedback, and systematical verification of exit block, SMI-PVI offers certainty regarding
objective isolation of the PV’s, via a total thoracoscopic approach. In around 90% of all
cases, the trigger for paroxysmal AF originates from the PVs region16. Addressing the PVs
is essential and in the majority of cases sufficient to control the arrhythmia. Lone SMIPVI has proven to be a relatively safe and reproducible technique. However, using this
lesion set, triggers in non-PV sites may lead to AF recurrence. In our study, SMI-PVI was
performed without any additional linear ablations, although the literature reports a large
variety of lesion sets 17-19.
Second, although not performed in all patients of our series, the surgical approach may
offer the possibility to exclude the left atrial appendage in order to reduce the future
risk of stroke20. These potential advantages notwithstanding, the LAA was not routinely
addressed in patients treated at Center 3 and a subgroup of Center 2 in order to maintain
left atrial contractility and prevent possible hydro-electrolytic unbalances21. This policy did
not influence the primary endpoint or incidence of adverse events. Althoug, it resulted
in a higher percentage of patients on OAC. When regarding future cardiac interventions,
thoracoscopically entering the pericardium may leave some adhesions, but it does not
exclude the possibility for later cardiac interventions through median sternotomy.
Finally, SMI-PVI via VATS offers the possibility to achieve autonomic nervous system denervation of the atria, as the ganglionic plexi are located on the epicardial surface of the atrial
myocardium. Ganglionic plexi ablation remains controversial as the additional benefits
compared to lone SMI-PVI have never been investigated in a randomized clinical trial22.
Nonetheless, the combination of techniques has shown good clinical results 23.
Our study shows that, when both AADs and additional transcatheter PVI are considered,
91% of our population is free from atrial arrhythmia. In our experience, the feasibility and
the encouraging results of repeated percutaneous ablation after failed SMI-PVI suggests
the 2 procedures may perform well in a sequential multidisciplinary context.
Unfortunately, due to the invasive nature of the VATS approach, the higher efficacy of
SMI-PVI was accompanied by a higher adverse event rate and longer hospitalization than
for transcatheter PVI. In the presented patient group, fewer adverse events occurred than
reported in other studies, though the reported incidence of adverse events remains high8.
Most adverse events in the preliminary phase occurred in the very first patients, indicating
lower complication rates as a surgeon’s experience increases. No peri-operative mortality
was registered. One peri-operative cerebrovascular accident with visual disorders and
partial recovery was reported. In this 49 year old patient, the LAA was intentionally not
excluded.
SMI-PVI is an effective treatment for mostly paroxysmal AF at mid-term follow-up. If combined with a progressive abatement of operative risk, mid-term results of SMI-PVI show
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potential for a solid and durable first line non-pharmacological treatment for paroxysmal
and persistent AF.

Study limitations
Although all patients in our study underwent the same SMI-PVI procedure, the population
was heterogeneous when prior transcatheter ablation, additional GP ablation and LAA
amputation are considered. The retrospective nature of this study means that no definite conclusions may be drawn regarding SMI-PVI efficacy. The extensive follow-up may
counterbalance this. Furthermore, 24- and 96-hour Holter monitoring may underestimate
the recurrence of AF. As observed in transcatheter PVI results, success is very likely to
decrease over time. From this perspective, it will be interesting to report on long-term
results (>36 months) when available.

This retrospective multi-center observational study shows that minimal invasive SMI-PVI
was effective at median 24 months follow-up for the treatment of mostly paroxysmal drug
refractory AF. Adverse events do remain a point of caution.
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Abstract
Aims: Transcatheter pulmonary vein ablation is the current treatment of choice for symptomatic drug-refractory atrial fibrillation (AF). Video-assisted surgical pulmonary vein
isolation (sPVI) is an alternative therapy to percutaneous ablation for the treatment of AF.
Long-term results of sPVI are currently unknown. The aim of this study was to report on
the long-term efficacy and safety of sPVI in patients with paroxysmal AF.
Methods: The study design was observational and retrospective. From July 2005 to January 2011, 42 patients with drug refractory paroxysmal AF underwent video-assisted sPVI
in two different centers. Patients were eligible for sPVI when suffering from symptomatic,
drug refractory paroxysmal AF and they agreed to the alternative of sPVI. Median preoperative AF duration was 24 months (range, 3-200). Success was defined as the absence
of AF on 24h or 96h Holter monitoring during follow-up, off anti-arrhythmic drugs (AAD).
Adverse events and follow-up monitoring were based on the Heart Rhythm Society Consensus Statement 2012 for the catheter and surgical ablation of AF.
Results: Mean age was 55 ± 10 years, 76% were male. After a mean follow-up of 5 years
(SD 1.7), 69% of all patients were free from atrial arrhythmias without the use of AAD,
and 83% with the use of AAD. Major peri-procedural adverse events occurred in 4 (9.5%)
patients, no strokes or mortalities were registered during long-term follow-up.
Conclusion: This retrospective study shows that sPVI for the treatment of paroxysmal
atrial fibrillation is effective and that the outcomes are maintained at long-term follow-up.
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Introduction
Atrial fibrillation (AF) is the most frequent cardiac rhythm disorder with an increasing
prevalence and is responsible for substantial morbidity, mortality and use of healthcare
resources (1). Currently, the first choice in treating AF is pharmacological therapy with
anti-arrhythmic drugs (AAD), which has shown however to be effective in less than 40%
of patients(2). In addition to AAD, transcatheter pulmonary vein isolation (PVI) has gained
popularity in younger patients suffering from paroxysmal AF(3,4). Unfortunately, single
procedure transcatheter technology showed disappointing long-term results (5,6). Technical difficulty of achieving transmural lesions and complete electrical isolation causes
re-conduction to occur in 29% of all patients(7). Therefore, approximately one third to one
half of the patients require multiple procedures to achieve stable sinus rhythm(5,6). As
an alternative therapy, surgical minimally-invasive PVI (sPVI) was introduced in 2005(8).
This technique has rapidly evolved to a complete thoracoscopic procedure(9). Short- and
midterm results of sPVI have shown promising results ranging from 64-90% freedom from
AF and AAD after a single procedure (10-14). Unfortunately, the current literature reports
a large variety in patient selection, lesion sets and the long-term outcomes of the sPVI
remain largely unknown. In the present observational and retrospective study we report
on the long-term results of bilateral sPVI in patients with paroxysmal lone AF.
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Methods
Patient Population
This observational and retrospective study was performed on a series of 42 consecutive
patients who were treated with sPVI between July 2005 and January 2011, in two different centers (San Raffaele University Hospital, Milan, Italy and Medisch Spectrum Twente,
Enschede, The Netherlands) by two surgeons (MAM and SB). Inclusion criteria were
symptomatic paroxysmal AF, without concomitant cardiac structural disease, refractory
to class I and/or class III AAD or failed transcatheter PVI. Exclusion criteria for sPVI were;
left atrial size >55mm (parasternal echocardiographic view), prior heart or lung surgery,
significant coronary disease or previous myocardial infarction, left ventricle hypertrophy
>12mm, previous hospitalization for heart failure, left ventricular dysfunction (ejection
fraction <50%), moderate or severe mitral- or aortic valve disease, or lung disease (prior
tuberculosis or COPD Gold class III-IV). Definitions of paroxysmal AF, success and failure
of ablation, adverse events and follow-up monitoring were based on the Heart Rhythm
Society Consensus Statement for the catheter and surgical ablation of AF(4).
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Pre-surgery management
All patients provided written informed consent to the ablation procedure. To exclude
significant (cardiac) disease, several examinations were performed; routine laboratory
testing of thyroid stimulating hormone and transthoracic echocardiography were performed within the month prior to surgery. To rule out coronary disease, patients routinely
underwent an exercise stress test or a coronary angiography if patients were > 50 years
of age. Patients were admitted to the hospital 2 days prior to sPVI. Preoperatively, transoesophageal echocardiography was performed to exclude atrial thrombi.

Surgical Technique
During the first 10 (24%) sPVI procedures, the pulmonary veins (PVs) were isolated through
bilateral video-assisted mini-thoracotomy, using a dedicated bipolar radiofrequency clamp
(Isolator; AtriCure Inc, Cincinnati, OH, USA)(8). From 2007, the procedure was modified
to a complete thoracoscopic approach. Patients were operated in the supine decubitus
position, with general anesthesia and double-lumen endotracheal intubation. The procedure’s description was previously published(9,12). Briefly; the pulmonary veins were
firstly targeted on the right side, then on the left side, taking care not to injure the phrenic
nerve. Ancillary procedure was the division of the Marshall’s ligament on the left side. The
ablation lesions were repeated 3 to 6 times before testing of exit block, on each side. To
confirm PVI, in all patients direct pacing (120bpm, 20mV output, 200Hz) was applied on
multiple sites of the pulmonary veins (Estech Affirm or Atricure Isolator multifunctional
pen). In case of “capture” on the left atrium, additional ablations were performed until
exit block was achieved. No additional ablation lines were applied on the atria and no
ganglionic plexi were targeted. When feasible, the left atrial appendage (LAA) was excised
by stapler or mechanically excluded by the Atriclip device (AtriCure Inc., Cincinnati, Ohio).

Medication
Oral anticoagulation was discontinued two days before the procedure and replaced by
full-dose low-molecular-weight (LMW) heparin. Oral anti-coagulation was restarted after
surgery and LMW heparine was stopped when INR >2.0 was reached. Oral anticoagulation
treatment was determined based on the 2006 guidelines for the management of atrial fibrillation(15), and since 2010 based on CHA2DS2-VASC score(3). Also, the status of the LAA
was included in the decision-making to stop long term OAC, this was left at the discretion
of the treating cardiologist (and patient). Three months after sPVI the AAD were routinely
discontinued.

Follow-up
According to the institutional protocols, the patients included in this study visited the
outpatient clinic at 3, 6 and 12 months and underwent Holter monitoring. The duration of
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scheduled Holter monitoring was 24 hours, except for the 6-months follow-up, then the
duration was 96 Hours. After the first year, patients were scheduled for 24 hour Holter
monitoring, and physical examination every year. In case of symptom recurrence, patients
were invited for an additional visit, including Holter examination, at the outback patient
clinic. Due to the observational nature of the study, no further specific investigation was
requested to the patients.

Primary efficacy endpoint was defined as freedom from atrial arrhythmias, i.e. no evidence
of AF, atrial flutter, or other atrial arrhythmias with a duration >30 seconds, as documented
by Holter monitoring, or PM interrogation, off class I and III AAD. This was according to the
definitions of the Expert Consensus Statement for the catheter and surgical ablation of AF
2012(4). Secondary efficacy endpoint was freedom from atrial arrhythmias with the use
of AAD. Patients who underwent transcatheter PVI after sPVI were considered failures in
both primary and secondary endpoints.
Safety endpoint was the occurrence of procedural and post-procedural adverse events.
Adverse events were defined as an event that resulted in death or permanent injury, in
temporary injury that required intervention or specific treatment (eg. stroke, transient
ischemic attack, major bleeding requiring surgery or blood transfusion or cardiac tamponade and/or perforation, significant/symptomatic PVs stenosis >70%, pericarditis and/
or pericardial effusion, acute coronary syndrome, myocardial infarction, nervus phrenicus
lesion, pneumothorax, wound infections, empyema, pneumonia, peri-procedural conversion to thoracotomy, and other not pre-defined events)(16).

Statistics
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, as appropriate, and counts with percentages for categorical variables. Differences between subgroups, in terms of patient characteristics at
baseline, different follow-up moments, and end of study were evaluated by the Student
t test or the Mann-Whitney U test, depending on normality of the data. Chi-square or
Fisher’s exact test were used for comparison of categorical variables. Follow-up data were
censored for patients who had a first recurrence of AF or had been followed through 1st
February 2014. The observation time was calculated as the time from ablation until either
the occurrence of AF or the moment of censoring. The statistical software package SPSS
20 was used for analysis.
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Results
Patient population
A total of 42 patients were treated with sPVI in two different centers. Twenty-two patients
were treated at San Raffaele University Hospital and 20 patients were treated at Medisch
Spectrum Twente, respectively. Mean age was 55 ± 10, 32 (76%) patients were male. The
EHRA score was 2 in 48% and 3 in 52% of all patients. Hypertension was present in 33% of
patients, CHA2DS2-VASC was ≥2 in 19% and underlying heart disease was excluded in all
patients as described previously. AF was present for a median of 24 months (3-200) before the SPVI procedure. Previous transcatheter PVI were performed in 9 (21%) patients.
Preoperatively, 3 patients had a pacemaker due to significant AAD related bradycardia.
Patient baseline characteristics of the groups are illustrated in detail below (Table 1).
Table 1. Baseline characteristics
SPVI group
(n =42)

Center 1 HSR
(n=22)

Center 2 MST
(n=20)

P-value

Age, years

55 ± 10

57 ± 8

54 ± 12

0.099

Male, n (%)

32 (76%)

19 (86%)

13 (65%)

0.152

Median AF history, months [range]

24 [3-200]

24 [12-200]

19 [3-144]

0.165

Previous transcatheter PVI

9 (21%)

7 (32%)

2 (10%)

0.135

II, n (%)

20 (48%)

10 (45%)

10 (50%)

III, n (%)

22 (52%)

12 (55%)

10 (50%)

II, n (%)

40 (95%)

21 (95%)

19 (95%)

III, n (%)

2 (5%)

1 (5%)

1 (5%)

EHRA-score

0.769

NYHA-score

0.945

CHA2DS2-VASC

0.176

0, n (%)

18 (42%)

10 (45%)

8 (40%)

1, n (%)

16 (37%)

8 (36%)

8 (40%)

≥2, n (%)

8 (19%)

4 (18%)

4 (20%)

Body Mass Index (kg/m²)

27 ± 4

26 ± 3

27 ± 4

0.489

Hypertension n (%)

14 (33%)

8 (43%)

6 (30%)

0.750

Echocardiographic findings
LV Ejection Fraction (mm)

58 ± 6

59 ± 3

56 ± 8

0.240

LA Parasternal Diameter (mm)

42 ± 5

43 ±5

41 ± 5

0.658

AAD= anti arrhythmic drugs TEE=Thrombo-embolic LA = Left Atrium

Surgical Procedure
The sPVI procedure was completed in all patients. In all patients, an exit block could be
confirmed. No additional (linear) ablation lines were applied and no additional ablation of
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the ganglionic plexi was performed. The LAA was excluded or closed by the Atriclip device
in 33 (79%) patients. In 9 (21%) patients the LAA was intentionally unaddressed. The mean
procedural time was 194±50 minutes and postoperative hospitalization was 7±2 days.

Efficacy endpoints
After a mean follow-up of 5 years (SD 1.7, range 3-8), 29 (69%) of all patients were free
from atrial arrhythmias without the use of AAD. Success was higher when AAD were taken
into account, with 35 (83%) patients free from atrial arrhythmias at long-term follow-up
(Figure 1). Of all scheduled Holter recordings, a total of 93% were performed successfully.
Over time, the percentage of patients free from atrial arrhythmias without AAD use was
83%, 79%, 76%, 70%, 74% at 12, 24, 36, 48 and 60 months, respectively. At these time
intervals, freedom from atrial arrhythmias with the use of AAD was 93%, 86%, 86%, 78%
and 84% (Figure 2). There were no significant differences in outcome between the two
centers.
Of the 13 patients with recurrent atrial arrhythmia after sPVI, 1 patient relapsed with right
atrial flutter while all the others had recurrent AF. Of these patients, 6 (46%) underwent
additional transcatheter ablation. In 2 of these patients this resulted in stable sinus rhythm
without AAD and in 1 this resulted in stable sinus rhythm with AADs.

Chapter 7

Figure 1. Kaplan-Meier survival curve freedom from arrhythmia at long-term follow-up with and without
anti-arrhythmic drugs

No. at risk
With AAD
Without AAD

42
42

39
35

37
33

36
32

21
19

16
14
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Figure 2. Freedom from arrhythmia at 12, 24, 36, 48 and 60 months follow-up, with and without anti-arrhythmic drugs
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Safety endpoints
In 4 (9.5%) patients peri-procedureal adverse events occurred. In one case, bleeding of the
LAA required conversion to median sternotomy. Another patient suffered from unilateral
paralysis of the diaphragm, which was resolved at 3 months follow-up. Two patients developed a pneumothorax during the postoperative course, which was treated with chest
drainage. All patients recovered completely. No 30-day or in-hospital mortality was observed in this cohort of paroxysmal AF patients. There were no cases of re-hospitalization.
During long-term follow-up, none of the patients included in this study suffered from
stroke based on clinical observation and no mortality occurred during follow-up.
Table 2. Late follow-up data
SPVI (n=42)
Mean follow-up, years (range)

5 (SD 1.7, range 3-8)

FFAs without AAD (n,%)

29 (69%)

FFAs with AAD (n,%)

35 (83%)

FFA with additional transcatheter ablation, no AAD

31 (74%)

FFA with additional transcatheter ablation and AAD

36 (86%)

Freedom from anti arrhythmic drugs

32 (76%)

Freedom from oral anticoagulants

39 (93%)

Mortality at follow-up (n, %)

0 (0%)

Late Stroke (> 30 day), (n, %)

0 (0%)

AAD= anti-arrhythmic drugs, FFA: Freedom from atrial arrhythmias.
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Discussion
Main findings
We show that at long-term follow-up, freedom from recurrent AF without the use of antiarrhythmic drugs was 69% and freedom from recurrent AF with AAD was 84% in patients
with paroxysmal AF undergoing sPVI. The occurrence of adverse events was 9.5%. No
unforeseen late complications of sPVI were detected. We report the longest follow-up to
date of any minimally invasive sPVI procedure for the treatment of paroxysmal lone AF.
Our previous study reported 73% of freedom from arrhythmia without the use of AAD,
24 months after the procedure(12). This study shows slightly better results in a “lone”
paroxysmal AF population and demonstrates that the previously reported results are
maintained at long-term follow-up. The use of bipolar radiofrequency ablation clamp (integrating an automatic transmurality algorithm with impedance feedback) and systematic
verification of exit block offer certainty regarding effective isolation of the PVs, even in the
thickest region surrounding the PVs(17).

In recent years, several small studies have reported on short- and midterm outcomes of
sPVI, showing successful outcome ranging from 64-90% (10-14). The report by Weimar et
al. showed a comparable freedom from atrial arrhythmia at two years follow-up, around
82% (19 patients available)(13). All studies mentioned above report results of sPVI in
heterogeneous AF populations. In lone paroxysmal AF previous reported results remain
largely unknown. The literature also reports a large variety of lesion sets. Since in approximately 90% of all cases, the trigger for paroxysmal AF originates from the region of
the PVs, addressing the PVs is essential and in most cases sufficient to cure paroxysmal AF.
However, using this lesion set, triggers in non-PV sites may lead to AF recurrences. In our
study, sPVI was performed without any additional linear ablations and without addressing
the ganglionic plexi. The additional value of additional (linear) ablation lines is still unclear.
An advantage of the “lone” sPVI in our patient population might be that the risk of left
atrial flutters or atrial tachycardia is low, compared to additional lesion sets using unipolar
ablation. This is also confirmed by our data. Interestingly, in our series, recurrences of
arrhythmia were mostly recorded during the first year after ablation. In the follow-up
period afterwards, we noted that the rate of decline in freedom from AF after the first
intervention stabilized after 24 months, although it did not entirely reached a plateau. This
is comparable to long-term outcome after MAZE surgery.

Comparison with transcatheter PVI
The majority of our relatively young and healthy paroxysmal AF patient population underwent sPVI as first invasive treatment, according to patients ‘preference. These patients
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would normally be directed to transcatheter PVI, according to the current guidelines(4).
When compared to the long-term results of multiple transcatheter PVI, following similar follow-up, this group, although small, shows comparable freedom from AF(6,18). In
a small sub-group of our patients, transcatheter ablation had been performed prior to
sPVI. Recent literature advocates that these patients could also have been proposed for a
second transcatheter procedure(6,18). Although, when compared to single transcatheter
PVI, sPVI shows significantly higher freedom from AF (5,6) and the recurrence rate after
single procedure transcatheter PVI tends to show a faster decay. This indicates that the
surgically applied lesion, created by bipolar radiofrequency, offers a higher durability.
When considering the LAA, the sPVI procedure offers a unique advantage of fast, simple
and effective exclusion or closure. While not necessarily being part of the standard sPVI
procedure, this could be considered as an important upgrade in higher risk patients, offered with a much shorter procedure time, less risky and less expensive when compared
to a transcatheter closure.

Future perspectives
With the introduction of new transcatheter techniques (e.g. cooltip, RF catheters with
pressure sensoring, cryobaloon PVI) the single procedure results tend to improve although
long-term results remain unknown(19). In our view, the sPVI and the transcatheter techniques might perform well in a multi-disciplinary context, either performed as one combined procedure or sequentially. Excellent preliminary results have been reported with
the hybrid procedures(20). This is also supported by our data, additional transcatheter
ablation in our patients with AF recurrence, led to an overall freedom from arrhythmia of
74% without AADs and 86% with AAD at long-term follow-up. Unfortunately, because of
the invasive nature of the thoracoscopic approach, the sPVI shows a slightly higher rate
of adverse events and longer hospitalization compared to transcatheter PVI(5,16). The
invasiveness appears to be one of the major concerns of patients and referring electrophysiologists. Current practice of sPVI in high volume centers, however, shows a trend
toward a shorter postoperative hospital stay. Future studies are awaited and may show
lower complication rates.

Strengths and Limitations
Strength of the present analysis were the long-term follow-up performed by Holter
monitoring, the unique patient population with lone paroxysmal atrial fibrillation and the
satisfactory long-term results of sPVI. The observational and retrospective nature of this
study and limited number of patients means that no definite conclusions can be drawn
regarding the procedure efficacy and safety. Also, the patients included in our study were
young, non-obese and without structural heart disease. Implantable loop recorders were
not used due to the more invasive nature, cost aspects and the battery in these devices
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lasts only 18 to 24 months. Follow-up using 24- and 96-hour Holter monitoring may underestimate the recurrence of AF.

Conclusions

Chapter 7

Surgical PVI as treatment for paroxysmal atrial fibrillation is an effective, reproducible
treatment strategy with maintained efficacy at long-term follow-up up to 7 years. This
observational, retrospective two-center study shows that sPVI might be considered as first
ablation strategy in young, highly symptomatic patients for lone, paroxysmal AF.
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Surgical left atrial appendage exclusion
does not impair left atrial contraction
function: a pilot study
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Abstract
Background: In order to reduce stroke risk, left atrial appendage amputation (LAAA) or
closure is widely adopted in recent years. The effect of LAA amputation on left atrial function remains unknown. The objective of present study is to assess the effect of LAAA on
left atrial function using tissue deformation imaging.
Methods: From June 2009 to November 2011, 16 patients with drug resistant paroxysmal
AF underwent minimally invasive surgical PVI with LAA amputation (LAAA group), and
were matched retrospectively according to age, sex, LA diameter and AF duration with
16 patients who underwent sPVI without LAA amputation (non-LAAA group). To objectify
the left atrial function, transthoracic echocardiography with 2D Speckle Tracking was performed before surgery and at a median of 12 months follow-up.
Results: Mean age was 57±9 years, 84% were male. Baseline characteristics did not differ
significantly except for systolic blood pressure (p=0.005). In both groups, the contractile
left atrial function and left atrial ejection fraction were not significantly reduced. However,
the conduit and reservoir function were significantly decreased at a median of 12 months
follow-up, compared to baseline. The reduction of strain and strain rate was not significantly different between groups.
Conclusions: In this retrospective, observational matched group comparison with a convenience sample size of 16 patients, the findings suggest that LAAA does not impair the
contractile left atrial function when compared to patients in which the appendage was
unaddressed. However, the left atrial conduit and reservoir function are reduced in both
the LAAA and non-LAAA group. Our data suggest that the LAA can be removed without
late left atrial functional consequences.
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Introduction
Atrial fibrillation (AF) has a major impact on health care in the Western population and is
associated with poor prognosis (1-3). Besides widely adapted catheter ablation strategies
for AF, an emerging treatment strategy is surgical PVI (4,5). One of the supposed advantages of this surgical approach is that the LAA can be excluded to reduce stroke risk (6).
Although beneficial effect on morbidity and mortality has not clearly been demonstrated,
the LAA is amputated or closed by a clip on a large scale in stand-alone or concomitant AF
surgery (7-9). The effect of this amputation on left atrial function has not been addressed
in the current literature.
Echocardiography guidelines actively recommend the evaluation of LA function after AF
to predict the maintenance of sinus rhythm and also identify patients at risk for LA failure
or arrhythmias (10). To assess this left atrial function, recent techniques have been introduced such as two dimensional Speckle Tracking Echocardiography (2D STE), specifically
the parameters strain and strain rate (10,11). These novel strain parameters aid to assess
the different left atrial functional stages; the reservoir function (storage of PV inflow
during ventricular systole), conduit function (passive emptying during early diastole) and
contractile function (active emptying at late diastole) (11,12). The aim of this study was
to investigate the effects of left atrial appendage amputation on left atrial function in the
setting of minimally invasive surgical PVI.

Patient population
This observational and retrospective matched group comparison was performed on two
series of consecutive patients who were treated for drug resistant paroxysmal AF with sPVI
between June 2009 and November 2011 in two centers; Academic Medical Center Amsterdam (AMC) and University Medical Center Groningen (UMCG)(13). Patients were matched
for gender, age, LA diameter and AF duration. Inclusion criteria were highly symptomatic
paroxysmal AF without concomitant cardiac structural disease, refractory to class I and/
or class III AADs or failed catheter ablation for AF. Exclusion criteria for surgical PVI were
left atrial size >60mm (parasternal echocardiographic view), prior heart or lung surgery,
significant coronary disease or previous MI, left ventricular hypertrophy >12mm, previous
hospitalization for heart failure, moderate or severe mitral- or aortic valve disease, or
lung disease (prior tuberculosis or COPD Gold class III-IV). Furthermore, patients with an
ejection fraction <50% were excluded. Patients in AF or atrial flutter at the time of the
echocardiographic analysis were excluded since sinus rhythm is mandatory to reliably
objectify the different phases of left atrial function. Definitions of AF, adverse events and
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follow-up monitoring were based on the Heart Rhythm Society Consensus Statement for
the catheter and surgical ablation of AF (14). Patients provided written informed consent
to the procedure. All patients were treated according the standard of care for surgical PVI
procedures in both AMC and UMCG, and no additional examinations were performed.
Clinical and echocardiography data was collected retrospectively and patient privacy
was granted by coding of the database according to the rules of good clinical practice
and Dutch privacy law. Furthermore, all echocardiography files were anonimized before
analysis at the University Medical Center Groningen, The Netherlands.

Surgical procedure
All patients were treated using the video assisted, completely thoracosopic approach, as
detailed previously by Krul et al. (15) and De Maat et al. (13). In brief, the pulmonary
veins were targeted by bilateral thoracoscopy. To isolate the pulmonary veins, a bipolar
radiofrequency clamp (Isolator, AtriCure, Inc, Cincinnati, Ohio) was used to create a linear,
transmural, thermal lesion. Following the ablation, measurement of effective conduction
block was performed by pacing within the PVs (exit block). In the AMC series, also entryblock was checked. No additional linear ablations (ablation lines) were applied on the
atria. After effective isolation of both right and left PV’s, the left atrial appendage was addressed. Concerning the left atrial appendage (LAA) management, in all patients from the
LAAA-group (AMC) the LAA was amputated with an endoscopic stapling device (Endo Gia
stapler, Tyco Healthcare Group, North Haven, CT) (15). Whereas in the non-LAAA (UMCG)
group the appendage was intentionally not addressed (13).

Echocardiographic analysis
For this study, a protocol for transthoracic echocardiographic measurement was compiled.
In both centers, all patients under-went the echocardiographic analysis performed by
experienced sonographers following the protocol. Complete sets of measurements are
described in Table 2. All images were stored digitally in a DICOM format and stored for
offline analysis. Offline analysis was performed by an experienced sonographer (YMH)
who was blinded for all other subject characteristics including surgical procedure (LAAA
or non-LAAA group). Standard 2D measurements were performed using EchoPac BT12
(General Electric, Horton, Norway), 2D STE software was utilized to analyze LA deformation. All measurements were performed in accordance with the current echocardiographic
recommendations and guidelines (10,11). Volumetric calculation of both LV and LA was
performed using Simpsons biplane method of discs. Additionally LA end systolic volume
was indexed to body surface area. Left atrial ejection fraction was calculated as ((LAVmax
– LAVmin)/LAVmax)*100 (16).
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Two dimensional Speckle Tracking Echocardiography
For the strain measurements, the apical four chamber view was utilized. As depicted in
Figure 1, the edge of the LA endocardium was manually traced after which the software
automatically generated tracings based on the speckles of the 2D image. The tracing were
all inspected for correctness and manually adjusted if needed and accepted if tracing was
acceptable. The software than calculated the mean deformation (strain) expressed in a
percentage and speed of deformation (strain rate) expressed as 1/s of the speckles within
the region of interest.
As described previously (11,12), the left atrial function can be divided into three phases. For
strain measurements, these are defined as follows; 1. Reservoir function was calculated as
maximal LA wall deformation during LV systole as compared to the preset reference point
(end diastole). 2. Conduit function is considered the maximal LA wall deformation during
early LV diastole and 3. Contractile function as the maximal LA wall deformation during
late LV diastole (after the P wave on ECG). Consecutively, strain rate could be calculated in
these three different domains; reservoir, conduit and contractile function. To determine
the effect of the LAAA compared to the non-LAAA group, the delta (pre-surgery to followup difference) of all parameters was compared between groups.

Chapter 8

Figure 1. Strain and Strain Rate measurements

1. Reservoir function was calculated as maximal LA wall deformation during LV systole as compared to the
preset reference point (end diastole).
2. Conduit function is considered the maximal LA wall deformation during early LV diastole.
3. Contractile function as the maximal LA wall deformation during late LV diastole (after the P wave on ECG).

Follow-up
All patients visited the outpatient clinics according to standard institutional protocol of
care for patients treated for AF, and underwent a protocolled echocardiogram before
surgery and at a median of 12 months (range 6-24 months) after surgery. Peri-procedural
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adverse events were registered. Due to the observational nature of the study, no further
specific investigation was requested to the patients.

Endpoints
The primary endpoint was atrial function as evaluated by strain, strain rate and left atrial
ejection fraction, compared between groups. Secondary endpoints were LAAA related adverse events and rhythm outcome at 12 months follow-up without anti-arrhythmic drugs.

Statistics
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, as appropriate, and counts with percentages for categorical variables. Differences between subgroups, in terms of patient characteristics at
baseline, different follow-up moments, and end of study were evaluated by the Student t
test or the Mann-Whitney U test, depending on normality of the data. Differences within
subgroups were evaluated using the Paired t test. Chi-square or Fisher’s exact test were
used for comparison of categorical variables. The statistical software package IBM SPSS
Statistics version 22 was used for all analysis.

Results
Patient population
A total of 32 patients were treated with sPVI for lone, drug refractory AF. Mean age was
57±9 years, 84% were male. Paroxysmal AF was present in all 32 patients (100%) and the
median AF duration was 3,5 years [range 1-15]. In the non-LAAA group 2 (13%) patients
had a CHADS2VASC score ≥2, in the LAAA-group this was 8 (50%). Two patients underwent
previous transcatheter ablation, one patient underwent a cavotricuspid isthmus ablation
for a right-sided flutter, another underwent transcatheter PVI for AF. The mean systolic
and diastolic blood pressure was 134±19 and 82±15 mmHg respectively. The mean heart
rate was 61±10 beats per minute. Baseline clinical patient characteristics did not differ significantly between the two groups except for systolic blood pressure (p=0.005) (Table 1).
Before surgery, ventricular diameters, volume and ejection fraction were similar between
groups. The left atrial indexated volume was enlarged with 42±11 in the LAAA-group vs.
36±5 in the non-LAAA (p=0.06). Before surgery, strain rate reservoir function differed significantly between groups (p=0.026), but the strain rate conduit and contraction function
did not differ between groups (p=0,086 and p=0.079 respectively). (Table 1).
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Table 1. Baseline characteristics
Non-LAAA group
(n=16)

LAAA group
(n=16)

P-value

Age, years

54 ± 10

59 ± 8

0.07

Male, n (%)

14 (88%)

13 (81%)

0.63

Median AF history, years [range]

3 [1-10]

4 [1-15]

0.15

16 (100%)

16 (100%)

0 (0%)

1 (6%)

0.31

1 (6%)

0 (0%)

0.31

0, n (%)

7 (44%)

6 (38%)

1, n (%)

7 (44%)

2 (12%)

≥2, n (%)

2 (12%)

8 (50%)

Body Mass Index (kg/m²)

28±4

27±3

0.47

Body Surface Area (m²)

2.15 ± 0.18

2.10 ± 0.23

0.47

Hypertension, n (%)

4 (25%)

7 (44%)

0.26

Diabetes, n (%)

0 (0%)

1 (6%)

0.31

Stroke History, n (%)

0 (0%)

2 (12%)

0.14

Systolic Blood pressure (mmHg)

124±19

142±14

<0.01*

Diastolic Blood pressure (mmHg)

83±18

82±11

0.76

Heart Rate (beats/min)

60±9

64±17

0.37

LV Ejection Fraction (%)

59 ±5

60 ± 7

0.90

LA Ejection fraction (%)

40±7

37±10

0.41

LA Diameter (mm)

42± 6

43 ± 6

0.61

LA Volume (mm3)

75±15

89±30

0.11

LA Volume Indexated (mm³/m²)

35±5

42±11

0.06

Reservoir function

29,2±7,3

23,1±7,6

0.03*

Conduit function

16,1±6.0

12,1±4,9

0.05*

Contraction function

13,2±4,8

11.0±5.0

0.22

Reservoir function

1,15±0,35

0,92±0,19

0.03*

Conduit function

-1,20±0,45

-0,97±0,29

0.09

Contraction function

-1,42±0,46

-1.13±0,44

0.08

AF type
Paroxysmal, n (%)
Previous catheter PVI, n (%)
catheter CTI ablation, n (%)
CHA2DS2-VASC

0.14

Chapter 8

Echocardiography

LA Strain measurements (%)

LA Strain rate measurements (s-1)

AF=Atrial Fibrillation, CTI = Cavo Tricuspid Istmus, LA = Left Atirum, LAAA = Left Atrial Appendage Amputation,
LV = Left Ventricle
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Surgical treatment
In all patients, the sPVI procedure was completed with proven acute block. Mean procedural time was 160±60 minutes. Mean hospitalization was 7±2 days. The LAA was successfully excluded in all 16 patients in whom LAA amputation was planned. This was objectified
by TEE after amputation of the LAA. No peri-procedural bleedings and specifically, no LAAA
related bleedings were observed.

Left atrial function
LAAA group
At a median of 12 months follow-up echocardiography, the LA diameter and Volume
indexed to BSA, in the LAAA group was unchanged compared to baseline measurements
(p=0.530, p=0.646 and p=0.735 respectively). Compared to baseline, the strain measured
at follow-up of the reservoir, conduit but not contractile phase had decreased (with
p=0.007, p=0.014 and p=0.070, respectively). In the strain rate domain, the reservoir
function decreased accordingly, but this was not observed in the conduit and contractile
phases (with p-values of 0.029, 0.109 and 0.092, respectively). Table 2.
Non-LAAA group
At follow-up echocardiography, the LA diameter and left atrial volume index of the LAAA
group was unchanged compared to baseline measurements (p=0.301, p=0.478 and
p=0.773 respectively). Compared to baseline, the strain at follow-up had decreased in
reservoir and conduit but not in contractile function (p=0.001, p=0.017 and 0.151, respectively). The strain rate of the reservoir function decreased significantly whereas conduit
Table 2. Primary endpoints
LAAA group LAAA group
baseline
follow-up

Parameter
Parasternal LAD (mm)

43±6

43±4

p-value
within
group

Non-LAAA
group
baseline

Non-LAAA
group
follow-up

0,53

42±6

44±5

p-value
within ∆ between
group
groups
0,30

0,16

LAEF (%)

37±10

37±12

0,92

40±7

37±12

0,64

0,72

LAVI (LAV/BSA)

42±11

41±12

0,74

36±5

36±9

0,77

0,53

Strain reservoir (%)

23,1±7,6

17,1±4,6

<0,01*

29,2±7,3

23,6±6,3

<0,01*

0,70

Strain conduit (%)

12,1±4,9

8,2±3,5

0,01*

16,1±6.0

11,6±5.2

0,02*

0,47

Strain contraction (%)

11.0±5.0

8,2±3,3

0,07

13,2±4,8

12,1±4.1

0,15

0,18

Strain Rate reservoir (s )

0,92±0,19

0,79-±0,19

0,03*

1,15±0,35

0,92±0,31

0,02*

0,29

Strain Rate conduit(s-1)

-0,97±0,29

-0,78±0,35

0,11

-1,20±0,45

-1.01±0,35

0,053

0,94

Strain Rate contraction (s-1) -1,13±0,44

-0,93±0,36

0,09

-1,42±0,46

-1,27±0,41

0,11

0,72

-1

BSA=body surface area, LA= left atrium, LAEF= Left atrial Ejection Fraction, LAD= left atrial diameter, PVF=
Pulmonary vein flow, LAV= left atrial volume, LAVI=left atrial volume indexated, *= p-value ≤ 0.05
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Figure 2. Left atrial strain rate in different atrial phases, before and after surgery.

and contractile function did not, with p-values of 0.019, 0.053 and 0.108, respectively.
Table 2.

Comparison between groups.
When the delta (difference pre-surgery and follow-up measurements) is compared between the LAAA and non-LAAA group, none of the changes in atrial dimensions, atrial
function, strain or strain rate measurements differed significantly. Table 2. Left atrial ejection fraction did not differ significantly, neither within, nor between groups.

Follow-up, procedural safety and rhythm outcome
Of all patients, pre- and postoperative echocardiography was available and no patients
were lost to follow-up. Echocardiography was conducted after a median of 12 months
(range 6-24) follow-up. In the LAAA group, no peri-procedural (LAA) bleedings occurred.
In both investigated groups, 15 (94%) patients were free from atrial arrhythmia and antiarrhythmic medication at 12 months follow-up.
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LAAA= Left atrial appendage amputation, BL= Baseline, FU = Follow-up
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Discussion
In this retrospective, observational matched group comparison with a convenience sample
size of 16 patients, the findings suggest that amputation of the left atrial appendage does
not impair the contractile left atrial function or left atrial ejection fraction in patients
without structural heart disease. However, the LA reservoir and conduit functions were
impaired significantly in both groups at follow-up echocardiography.
Literature does not report the actual contribution of the left atrial appendage to the atrial
function or more specifically, the contraction. Our study shows that the amputation of the
LAA does not significantly affect the left atrial contraction. Our findings contrast with the
previous report of Gelsomino et al. who describe improved atrial function and reverse
remodelling after successful sPVI(17). Left atrial volume reduced significantly in these
patients, whereas in our group the dimensions did not. This difference might be explained
by the more extensive lesion set applied in the series of Gelsomino et al., resulting in more
scar related contracture leading to a decrease in left atrial volume(18). Also, in that series,
49% of patients underwent LAAA or closure, in the other 51% the LAA was not addressed.
It is remarkable that the LA reservoir en conduit function are impaired in both groups
following minimally invasive sPVI, this has not been reported previously and might be
contributable to the postoperative adhesions of the pericardium and/or antral scarring
due to the ablation. Furthermore, it could be hypothesized that this impaired passive left
atrial function (conduit and reservoir) precedes active (contractile) left atrial function
impairment, like observed in the left ventricle. More research on this topic is warranted.
In our patient population, the rhythm outcome was excellent. This is contributable to our
selected, relatively young and healthy patient population with a short history of highly
symptomatic paroxysmal atrial fibrillation. Our results are in accordance with the current
literature on sPVI procedures(19,20). In the present series, no peri-procedural bleedings
were observed specifically, no LAAA related bleedings. This notwithstanding, due to the
fragile and delicate wall of the LAA, exclusion related bleedings have been reported by
others and ourselves (21,22).
It has previously been demonstrated that the left atrial appendage is responsible for atrial
natriuretic factor (ANF), and perform an important physiologic function regulating the
intravascular volume via release of atrial natriuretic peptide. In normal hearts, 30% of the
ANF is contained in the LAA. With appropriate medical therapies, postoperative hypertension can be adequately managed, without residual long-term hemodynamic effects.
For this study, we objectified the different left atrial phases by tissue velocity imaging,
speckle-tracking method. This technique was originally introduced to study left ventricular
function. As a spin-off, this technique has been applied the left atrium and several groups
have showed feasibility and good reproducibility in the setting of speckle tracking on the
left atrium(11,23,24). As described, this method provides for new and interesting infor102
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mation on the left atrial function, specifically reservoir, conduit and contractile function.
However, it remains unclear in what quantities the reservoir, conduit and contractile phase
contribute to the ventricular filling. It also remains unknown what the clinical effect is of
reduced conduit and reservoir function, especially in our specific young patient population
without major comorbidity. Further study is warranted on the subject of left atrial function, both in healthy subjects and in the context of atrial fibrillation ablation.

Strengths and limitations
Since a small number of patients was enrolled in this retrospective and observational
study, no definite conclusions can be drawn. Although matching provided similar patient
characteristics, there were differences between groups at baseline when regarding strain
and strain rate. This is counterbalanced by the fact that consistent (echocardiographic)
follow-up was conducted and that comparisons are conducted both between and within
groups.

Conclusions

Chapter 8

In this retrospective, observational matched group comparison with a convenience sample
size of 16 patients, the findings suggest that left atrial appendage amputation does not
impair the contractile left atrial function when compared to patients in which the appendage was unaddressed. However, the left atrial conduit and reservoir function decreased in
both the LAAA and non-LAAA group following minimally invasive surgery for AF. Our data
suggest that the LAA can be removed without late left atrial functional consequences.
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Summary
Objective: Thoracoscopic surgical pulmonary vein isolation (sPVI) has been added to the
treatment of atrial fibrillation (AF), showing excellent efficacy outcomes. However, data on
right ventricular (RV) function following sPVI has never been studied. The aim of this study
was to investigate RV function following sPVI and compare this to patients who underwent
endocardial cryoballoon PVI.
Methods: From June 2009 to November 2011, 25 patients underwent sPVI and were
pair matched retrospectively according to age, sex and AF type with 21 patients who
underwent cryoballoon PVI. RV function was measured using both tricuspid annular plane
systolic excursion (TAPSE) and RV strain with 2D speckle tracking. Echocardiography was
performed at baseline and at a median of 6 months (range 3-12) follow-up.
Results: Mean age was 54±9 years and 84% were male, AF was paroxysmal in 92%. In the
sPVI group, TAPSE was reduced with 31% at follow-up echocardiography (p<0.001) and
RV strain showed a 25% reduction compared to baseline echocardiography (p=0.018). In
the control group, the TAPSE and RV strain did not change significantly (-3% and +13%,
p=0.410 and p=0.148 respectively). The change in TAPSE and RV strain was significantly
different between groups (p=<0.001 and p=0.005 respectively).
Conclusions: This study shows that RV function is significantly decreased following sPVI
during the first year. This effect was not observed in our control group, a similar patient
population who underwent cryoballoon PVI.
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Introduction
In recent years, thoracoscopic surgical pulmonary vein isolation (sPVI) has been added to
the treatment of atrial fibrillation (AF). This technique has shown to be safe and numerous
studies have shown excellent efficacy outcome in paroxysmal and short-standing persistent AF, due to high transmurality yielded epicardially by bipolar radiofrequency devices
(1,2). However, right ventricular (RV) function following sPVI has not been investigated.
The occurrence of RV dysfunction is not easily predictable and is often unexpected. However, RV function is a major determinant of clinical outcomes following cardiac surgery (3).
With the development of speckle tracking echocardiography, assessment of the RV has
become more accessible and reliable for routine clinical practice (4). The aim of this study
was to investigate the right ventricular (RV) function in patients who underwent sPVI and
compare this to cryoballoon PVI outcomes.

We studied a series of patients who underwent sPVI as a first PVI procedure during the period 2009-2011 in our university medical center. Inclusion criteria were highly symptomatic
paroxysmal or early-persistent AF, without concomitant cardiac structural disease, refractory to class I and/or III antiarrhythmic drugs (2). Exclusion criteria for surgical PVI were left
atrial size >55mm (parasternal view), prior transcatheter PVI, prior heart or lung surgery,
significant coronary disease or previous myocardial infarction, left ventricle hypertrophy
>12mm, previous hospitalization for heart failure, left ventricular dysfunction (ejection
fraction <50%), moderate or severe mitral- or aortic valve disease, or lung disease (prior
tuberculosis or chronic obstructive pulmonary disease Gold class III-IV). The control group
consisted of patients with the same indication who underwent cryoballoon PVI in the same
period, also as first invasive procedure. Patients who underwent sPVI were pair matched
retrospectively according to age, sex and AF type with patients who underwent cryoballoon
PVI. All sPVI patients were treated using the video assisted bilateral thoracoscopy. To isolate
the pulmonary veins, a bipolar radiofrequency clamp (Isolator, AtriCure, Cincinnati, Ohio,
USA) was used to create linear, thermal lesions. Following the ablation, exit block was confirmed, no additional linear ablation lines were applied and the left atrial appendage was not
excluded (1,2). The lateral incision of the pericardium was not routinely closed after completion of the lesion set. The control group consisted of patients who underwent endocardial
PVI using the second-generation cryoballoon (Arctic Front Advance™, Medtronic Cryocath
LP, Pointe-Claire, Canada). Following ablation, anti arrhythmic drugs were continued during
the first three months. Patients underwent a standardized transthoracic echocardiogram
preoperatively and at 6 (range 3-12) months follow-up. Off-line analyses were performed
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by an expert sonographer (YMH) who was blinded for treatment type. All measurements
were performed using EchoPac BT12, following the 2015 recommendations of the American
Society of Echocardiography [5]. RV function was measured using tricuspid annular plane
systolic excursion (TAPSE-M-mode) and RV longitudinal deformation (strain) with 2D speckle
tracking; in an apical four chamber view the edge of the RV endocardium was manually
traced, after which the software automatically generated tracings. The basal, middle and
apical segments of the RV were traced. In the analysis a mean strain of these three segments was calculated. To reliably measure RV function, patients with AF or atrial flutter
during echocardiography were excluded from the analysis. Differences between groups
were evaluated by the Student t-test, differences within groups were evaluated using the
paired t test. Chi-square was used for comparison of categorical variables.

Statistics
Baseline descriptive statistics are presented as mean ± standard deviation or median
(range) for continuous variables, as appropriate, and counts with percentages for categorical variables. Differences between groups, in terms of patient characteristics at baseline,
different follow-up moments, were evaluated by the Student t test or the Mann-Whitney
U test, depending on normality of the data. Differences within subgroups were evaluated using the Paired t test. Chi-square or Fisher’s exact test were used for comparison of
categorical variables. The statistical software package IBM SPSS Statistics v.22 was used.

Results
The sPVI group consisted of 25 patients, mean age was 54±9 years and 84% were male. AF
was paroxysmal in 92% and short term persistent in 8%. The control group consisted of 21
patients with similar characteristics who underwent cryoballoon PVI in the same center
and period. Baseline patient characteristics did not differ significantly between groups
(Table 1). There was no concomitant structural coronary, heart or valve disease present
at baseline. At baseline, echocardiography parameters were comparable between groups
except for RA length, which was larger in the sPVI group (57.8±6.2 vs 52.8±5.1, p=0.005),
but RA width did not differ between groups (43,7±5,9 vs 41,6±5,1, p=0.212). At baseline
echocardiography, TAPSE was higher in the sPVI group compared to the cryoballoon-group
(26,6±4,0 vs 23,9±3,7, p=0.025; Table 2). In the sPVI group, RV function measured by TAPSE
was significantly reduced with a mean of -8.3mm (-31%) at median 6 months follow-up
echocardiography (p<0.001) (Figure 1A). Furthermore, the average RV strain showed a
mean change of -5.6 percentage points (-25%) compared to baseline echocardiography
(p=0.018) (Figure 1B). In the control group, the TAPSE was reduced with a mean of -0.8mm
(-3%) and RV strain increased with 2.7 percent points (+13%), this was not significant
110

Impact of thoracoscopic PVI on right ventricular function

(p=0.410 and p=0.148 respectively). When the change from baseline to follow-up (delta)
measurement in TAPSE and RV strain was compared between the two groups, this showed
a significant difference (mean TAPSE -8.3mm vs -0.8mm, p=<0.001 and mean RV strain -5.6
percentage points vs +2.7 percentage points, p=0.005).

Table 1. Baseline characteristics and echocardiography outcomes
Baseline patient characteristics
Parameter

SPVI (n=25)

CRYO (n=21)

P-value

Age (years)

54±9

58±7

0.089

Male (n, %)

21 (84%)

15 (71%)

0.303
0.178

AF history, years [range]

3 [1-14]

4 [1-15]

Paroxysmal AF n,(%)

23 (92%)

17 (81%)

Short-standing persistent AF n, (%)

2 (8%)

4 (19%)

0.268

BMI (kg/m²)

27.1±2.9

28.2±3.3

0.251

BP systolic (mmHg)

132±17

137±16

0.383

BP diastolic (mmHg)

79±9

83±10

0.234

AF= atrial fibrillation, BMI= body mass index, BP= blood pressure, sPVI= surgical pulmonary vein isolation,
TAPSE= tricuspid annular plane systolic excursion.
Table 2. Echocardiography outcomes
Cryo group echocardiography

Baseline

Follow-up

P-value

Baseline

Follow-up

P-value

LV Ejection Fraction (%)

60±5

57±5

0.062

60±6

58±7

0.198

LA Volume (mm³)

75±19

78,3±23.6

0.674

79±26

71.0±26.0

0.209

LA volume indexed

33,7±6

35,8±10.2

0.430

36.3±11

34.0±12.5

0.414

RA length (mm)

57,8±6.2*

57,4±5.3

0.647

52.8±5.1*

50.1±5.5

0.048

RA width (mm)

43,7±5.9

43,7±5.1

0.835

41.6±5.1

37.6±5.8

0.035

RVEDD (%)

38,8±5.5

39,0±5.3

0.771

39.6±7.9

37.4±4.5

0.332

TAPSE (mm)

26,6±4.0*

18,3±3.8

<0.001

23.9±3.7*

23.1±4.5

0.410

RV strain (%)

24.4±3.7

18.8±4.6

0.018

21.0±6.9

23.7±5.2

0.148

LA= left atrial, LV= left ventricular, RA= right atrial, RVEDD=right ventricle end diastolic diameter, sPVI= surgical
pulmonary vein isolation, TAPSE= tricuspid annular plane systolic excursion. *significant difference (p<0.05)
between groups at baseline
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Figure 1. A. Tricuspid annular plane systolic excursion B. Right ventricular strain

sPVI = surgical pulmonary vein isolation CRYO = cryo balloon PVI

Discussion
This study shows that RV function is significantly decreased following sPVI during the first
year. This effect was not observed in our control group, a similar patient population who
underwent cryoballoon PVI. Both study groups underwent echocardiographic analysis
pre-operative and at 6 months follow-up, there was no significant valve disease and atria
were moderately dilated in both groups without significant differences at baseline, except
for RA length, which was larger in the sPVI but RA width did not differ between groups.
In both groups, the left atrium was moderately dilated in concordance with the disease.
At baseline, mean TAPSE was significantly higher in the sPVI group compared to the CRYO
group. However, at follow-up, this was significantly lower. This effect was objectified by
means of RV strain.
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Decreased RV function following sPVI has not been described previously. On the other
hand, in patients who underwent open-chest CABG (both on- and off pump), a reduced
RV function has been already documented (6). Remarkably, a study comparing conventional surgical aortic valve replacement (AVR) to transcatheter AVR demonstrated a similar
reduction of RV strain at follow-up in patients who underwent surgery (7). Although
the present analysis does not allow definite conclusions regarding the exact underlying
mechanism, the reduction of RV function might be attributable to two factors; First, due to
the lateral opening of the pericardium the mechanical support (restraint) is reduced. The
right atrium and right ventricle have relatively limited intrinsic stiffness, compared to the
left heart side, and are therefore more dependent on pericardial support (8). Second, the
opening of the pericardium causes an inflammatory reaction, which leads to the formation
of adhesions between the pericardium and the epicardium. These adhesions can reduce
compliance, especially of thin-walled chambers (RA and RV) and thereby impair ventricular filling. Off course, also a combination of both factors could contribure to a reduced RV
function following sPVI. Whether decrease in RV function is permanent, is associated with
symptoms or even heart failure needs to be determined in future studies. An appropriate
understanding of pericardial constraint is required. The observational nature of our study
and limited number of patients does not allow definitive conclusions.
In conclusion, this study shows that RV function is significantly decreased following sPVI
during the first year. This effect was not observed a similar patient population who underwent cryoballoon PVI. In accordance with the findings of this study, our operative protocol
has changed. The right lateral pericardial incision is now routinely closed with a single
approximating endosuture of the pericardium.
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Summary
The exact mechanism of atrial fibrillation (AF) is still incompletely understood. A number
of alterations that impact focal electrical discharge, the atrial substrate and modulating
factors contribute to its pathogenesis. Atrial remodeling (resulting in atrial cardiomyopathy) sets the stage for AF development. Once present, AF results in the loss of synchronized atrial contraction, which affects ventricular filling and atrial reservoir and conduit
functions. Passive atrial function is particularly important in patients with left ventricular
diastolic dysfunction. AF can cause tachycardiomyopathy, a mostly reversible cardiac
alteration induced by tachycardia. At a structural level, atrial support is also instrumental
to the function of the atrio-ventricular valves. All of these functions can be recovered
to variable degrees via rhythm control strategies. Surgical and hybrid ablation show very
promising results, especially in patients with a more advanced disease substrate. This
review highlights the pathophysiologic aspects of AF related to left atrial function and
their practical implications for surgical rhythm management.
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Introduction
The exact mechanism of atrial fibrillation (AF) is multifactorial and still not completely
understood1. Atrial remodeling, resulting in atrial cardiomyopathy, sets the stage for AF
development2. Once present, AF causes loss of atrial mechanical function3, 4. In addition
to palpitations, AF can cause tachycardiomyopathy - reversible alterations of ventricular
function5. At a structural level, atrial support is instrumental to atrio-ventricular valve
function6. These functions can be recovered through rhythm control strategies. Despite
numerous studies on electrophysiology procedures and novel imaging techniques, left
atrial function has not been thoroughly investigated. Also, the long-term results of percutaneous AF ablation are still far from satisfactory7. Standalone surgical and hybrid ablation
has shown very promising results, especially in patients who are refractory to medical and
transcatheter therapies8-10. Patients with heart failure (HF) could benefit from a preserved
atrial function. Concomitant ablation offers the possibility to aid reverse remodeling and
improve atrial function. This review highlights the pathophysiologic aspects of AF with
regard to left atrial function, and aims to illustrate the practical implications for surgical
rhythm management.

Pathogenesis
The pathogenesis of AF is driven by 3 elements: An electrical trigger for arrhythmia initiation, an arrhythmogenic substrate for its maintenance and modulating factors.

A focal source in the pulmonary veins (PV) can trigger AF, and ablation of this source
can prevent recurrence of AF11. The mechanism inducing focal activity may involve triggered activity, rotors and localized reentry12, 13. Stable micro-reentrant sources have been
documented as mechanisms of paroxysmal AF and in some patients with persistent AF14.
Back in the 1950’s, Moe and Abildskov proposed that AF can be perpetuated by continuous conduction of multiple independent wavelets activating the atrial wall in an apparently chaotic manner15. Three decades later this was confirmed both experimentally and
clinically by Cox et al.16 Remote fibrillatory propagation from focal sources of AF is usually
undistinguishable from multiple wavelet propagation, as it follows similar propagation
patterns17.

Atrial remodeling and substrate
Stretch – caused by pressure and volume overload, but also ageing, hypertension, HF and
AF itself – results in progressive structural remodeling of the atria18, 19. Fibroblast activation
with connective tissue deposition leads to atrial fibrosis. Research has shown that already
6 weeks after the onset of AF, a significant increase in fibrosis and impaired mechanical left
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atrial (LA) function is observed20. In addition to fibrosis, inflammatory infiltrates, necrosis,
fatty infiltration, amyloidosis and cardiomyocyte hypertrophy are commonly observed
in remodeled atria21, 22. These changes can lead to contractile dysfunction and chamber
dilatation, and are usually more pronounced in the left atrium. Within the left atrium, the
antral area tends to be affected more than the left atrial appendage (LAA)23. Since a combination of such factors is found in many conditions predisposing for AF prior to the onset of
arrhythmia, there is growing consensus that a definition of “atrial cardiomyopathy” would
be more appropriate2. Structural remodeling also results in alteration to ion channels,
electrical dissociation between muscle bundles, and local conduction heterogeneity24,
favouring focal firing and electrical re-entry25. Structural remodeling in the right atrium
has been associated with sinus node dysfunction26. Atrial dysfunction also results in a prothrombotic status due to blood stasis, which is more pronounced in the LAA. Even short AF
episodes can result in a prothrombotic state due to myocardial damage and endocardial
expression of prothrombotic factors27. Structural remodeling is a progressive process and
most of its features are only partially reversible. The treatment success of stand-alone
catheter ablation appears to be related to the extent of atrial fibrosis as detected by late
gadolinium enhancement magnetic resonance imaging (MRI)28. Early diagnosis and aggressive treatment is important, not only for AF burden reduction but also to prevent
progression of structural remodeling29.

Modulating factors
Reverse remodeling does not seem to occur consistently in patients with lone AF after
successful ablation30. In patients with mitral stenosis and sinus rhythm, loss of cardiomyocytes and endocardial scarring is observed, suggesting atrial myopathy precedes AF31. In
patients with MS who undergo balloon commissurotomy, reduced LA pressure promotes
LA volume reduction, indicating progressive reverse remodeling 32. Mitral regurgitation
(MR) also leads to atrial remodeling, including fibrosis and LA dilatation33. As is the case for
mitral stenosis, reverse remodeling with LA volume reduction occurs soon after surgical
correction of chronic severe MR34. Aortic stenosis can also cause reversible LA dilatation,
leading to a higher risk for AF35.

Left atrial mechanical functions
During ventricular systole, the LA collects and stores incoming blood, serving as a “reservoir”. During the early phase of ventricular diastole, the LA empties passively into the left
ventricle (LV), working as a “conduit”. Finally, through its “booster” function, during the
late ventricular diastole, the LA actively “kicks” more blood into the LV.
1) The LA reservoir function is the result of an interplay between atrial compliance during ventricular systole, atrial contraction and relaxation, and apical displacement of the
atrioventricular valves as a result of ventricular contraction36. Because of its increased
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Atrial mechanical function in heart failure patients
AF and heart failure can cause and exacerbate each other, while treatment of either condition may reduce the progression of both42. The contribution of the atrial booster pump
function is believed to increase to 30-40% in the presence of impaired left ventricular
filling43. Reservoir and conduit functions of the left atrium are currently believed to play an
important role in determining the diverse phenotypes of LV diastolic dysfunction. In fact,
only a limited proportion of patients with LV diastolic dysfunction develop heart failure
with preserved ejection fraction (HFpEF). Although atrial dysfunction in HFpEF has tra119
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compliance and relevant volume, the LAA contributes substantially to the reservoir function of the LA.
2) The conduit function occurs during early diastole and accounts for about one-third of
the atrial flow37. It is more related to LV compliance and strongly interdependent with
the reservoir function. LA size increases in response to increased pressure and volume.
This physiological compensation initially accounts for a gain in contraction of the atrial
myocardium. Progressive dilatation and stretching of the atrial cardiomyofibers results in
impaired atrial contractility, in line with the Frank-Starling curve38
3) The LA booster function depends not only on the contractile properties of the atrium
but also on venous return and on LV end-diastolic pressure. It accounts for about 15-30%
of left ventricular filling in a normal heart under resting conditions3, 4, 39.
These described LA functions can be quantified using echocardiographic speckle-tracking
strain and strain rate assessment. This has made it possible to quantify these functional
components of the LA independently from left ventricular diastolic function40. Reservoir
strain and strain rate are predictors of SR recovery after ablation as they are indices of
atrial fibrosis and remodeling. It is currently recommended to perform echocardiography
analysis to assess valvular disease, LV size and function and atrial size. Left atrial function
analysis is not yet recommended, and we believe this should be included as a part of
clinical and research practice, both pre-ablation and during follow-up9. Besides echocardiography assessment, LA functional parameters can also be measured using cardiac
magnetic resonance imaging (CMRI). This has proved to provide very reliable LA function
quantification41. CMRI can be used as an alternative when detailed assessment is required
and is considered to be a gold standard. In addition to left atrial function analysis, CMRI offers the potential to assess atrial scars and fibrosis, which is related to the degree of atrial
remodeling and ablation outcomes28. However, the role of functional CMRI still needs to
be evaluated in in large clinical studies and is costly, time consuming and incompatible
with patients who carry implanted ferro-magnetic materials. Moreover, an irregular heart
rhythm reduces the image quality of CMRI compared with sinus rhythm. Improvement of
the available CMRI techniques could increase the potential of this method. Furthermore,
very limited data are available for CMRI in patients with AF and mitral valve disease.

Chapter 10

ditionally been regarded as secondary and proportional to the degree of LV impairment,
recent findings suggest that mechanical LA failure is an early driver of HFpEF. Together
with the loss of booster function, a global worsening of reservoir and conduit functions
(reduced atrial strain) typically occurs after AF onset in these patients, and prompts a
worsening of functional capacity44.

Atrial mechanical function and ablation
The recovery of LA booster function has been traditionally regarded the main benefit of
sinus rhythm recovery, athough the amount of post-ablation LA contraction recovery has
been found to be reduced when compared with non-ablated controls in SR45-47. It should
be noted that any form of cardiac surgery alters atrial function (most probably due to
adhesions following pericardiotomy), also in non-AF patients. A strict interaction was
detected between postoperative LA reverse remodeling and LA contractility recovery, as
a decrease of LA size favored the atrial “kick” reappearance and viceversa. Patients with
lone AF have impaired myocardial energetics and subtle LV dysfunction, which does not
always normalize following ablation, even after AF has been abolished48.
Independently of rhythm outcome, the probability of recovering of active atrial contraction seems reduced once a certain degree of atrial remodeling has been reached. Tinetti
et al. found recovery of LA contraction to occur only in 37% of rheumatic heart patients
following concomitant maze surgery for persistent AF49. A longer duration of AF, and the
amount of atrial remodeling were found to predict AF recurrence49, 50.
Scarring and electrical exclusion of areas of atrial myocardium caused by ablation surgery
can impair recovery of atrial contraction51-53. Our group demonstrated minimally invasive
epicardial ablation for AF results in a significant reduction of LA conduit and reservoir
function52.
Different lesion sets have been applied in order to preserve the LA contractile function45, 54.
Nevertheless, lesion sets without a posterior en-block “box” isolation of the pulmonary
veins are associated with poorer efficacy10. Current echocardiography guidelines actively
recommend the evaluation of LA function after AF ablation to predict the maintenance of
sinus rhythm and also identify patients at risk for LA failure or arrhythmias55.

Tachycardiomyopathy
AF can lead to systolic dysfunction and ventricular dilatation. Tachycardia-mediated HF due
to AF was first described in 1913,56 but the pathogenesis is still not completely understood.
Calcium overload and high-energy phosphates depletion, decreased myocardial perfusion
and oxidative stress contribute to the pathogenesis of tachycardia-mediated myopathy
or tachycardiomyopathy5, 57. This condition affects all cardiac chambers, but the most
relevant changes occur in the LV. Cardiac output is decreased, filling pressure is increased
and mitral regurgitation can occur due to the loss of intrinsic contractility and progressive
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dilatation without hypertrophy58. To a lesser extent, tachycardiomyopathy affects also ventricular diastolic function due to incomplete relaxation. Most of these functional aspects
of tachycardiomyopathy are reversible, although hypertrophy and diastolic dysfunction
can remain59. For these reasons, management of arrhythmia is pivotal in patients with
tachycardiomyopathy. Patients with AF and HF with reduced EF (HFrEF), have proved to
respond much better to rhythm control by ablation than to ablate-and-pace strategy60.
Assessing the contributory role of tachycardiomyopathy in the context of persistent AF
and ventricular dysfunction remains challenging. Echocardiographic assessment may aid
in determining the AF-related component60.

Atrial function-related mitral regurgitation
LA enlargement, distension and remodeling are the main pathophysiological determinants
of AF onset in patients with mitral disease. Both MR and AF-induced tachycardiomyopathy
can initiate a vicious circle by promoting left ventricular dysfunction and remodelling60, 61
and potentially increasing mitral regurgitation (Figure 1). AF also promotes tricuspid and
mitral annular dilatation by causing atrial remodeling and dilatation, resulting in MR and
tricuspid regurgitation (TR), irrespective of left ventricular size and function6, 62, 63. This
“atrial functional MR” has been found to occur in up to 6% of patients undergoing AF
transcatheter AF and appears to be reversible in more than two-third of patients6. Similarly, Maze surgery concomitant to mitral valve repair has shown to prevent dilatation of
atria and the tricuspid annulus64.
Figure 1. Interplay of atrial fibrillation, mitral regurgitation and cardiac remodeling
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The role of the left atrial appendage
Approximately 90% of atrial thrombi in non-rheumatic AF and 60% of thrombi in patients
with rheumatic mitral valve disease are found within the LAA65. This finding prompted an
increased interest in surgical and endovascular closure of the LAA. Open cardiac surgery
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offers the unique opportunity to amputate, clip or suture the appendage. But complete
LA exclusion has proved challenging, and incomplete closure or amputation may cause
a higher risk for thromboembolic events66, 67. Recently, epicardial clipping of the LAA
has provided a means for a consistent occlusion and electrical isolation of the LAA68, 69.
However, the beneficial effect on morbidity and mortality has yet to be demonstrated.
Use of the percutaneous LAA exclusion device showed no clear-cut advantage over oral
anticoagulants, with a persistent risk of ischemic stroke in the device groups, and one
third of the patients with a residual leak70, 71. Moreover, the potential effects of LAA exclusion on LA function have not been thoroughly studied. This notwithstanding, the LAA is
amputated or closed by a clip on a large scale in stand-alone and concomitant AF surgery.
The recently published Clinical Practice Guidelines for the Surgical Treatment of AF have
promoted a Class IIA recommendation (level of evidence C) to routinely perform LAA
exclusion in patients undergoing concomitant or stand-alone ablation surgery or in any
AF patient undergoing cardiac surgery72. The ongoing LAAOS III trial, randomizing 4700
open cardiac surgery patients to either LAA occlusion or not, will hopefully shed some
light on this issue73. Accurate detection of possible underlying cardiomyopathies should
be pursued, and the benefits of LAA occlusion, in terms of thromboembolic prophylaxis,
and possibly also in terms of rhythm control, should be balanced against the potential for
hemodynamic impairment, especially in patients without persistent arrhythmias.
In recent years, novel oral anticoagulant (NOAC) medications have become available:
rivaroxaban, apixaban and dabigatran. The main advantage is that NOAC do not require
bloodwork monitoring and have minimal interaction with other medication. However,
NOACS are not approved for patients with valvular disease. The only approved oral anticoagulant for patients with mechanical heart valves is warfarin. A randomized trial
(RE-ALIGN) of dabigatran versus warfarin in patients with mechanical valves showed an
increase in ischemic events and bleeding in patients using dabigatran. For AF patients
without mechanical valve prosthesis, randomized controlled trials showed that NOACs
were as effective (rivaroxaban and apixaban) or more effective (dabigatran) in reducing
stroke risk compared with warfarin74. Recent real-world data confirmed these results75.
Of the available NOACs, only apixaban was associated with overall mortality reduction
compared with warfarin. For transcatheter ablation, NOACs have proven to be effective in
periprocedural stroke risk76. However, during stand-alone thoracoscopic pulmonary vein
isolation and hybrid AF ablation warfarine is still the oral anticoagulant of choice to reduce
the risk of stroke.

Concomitant AF ablation
Considering the potential benefit of reverse remodeling in patients with valvular disease,
a more aggressive approach to concomitant ablation would seem reasonable. Unlike lone
AF, surgical correction of the cause of volume/pressure overload, combined with Maze
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Figure 2. Cox-Maze IV
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Cox-Maze IV lesion set using a bipolar radiofrequency clamp. IVC= Inferior Vena Cava, LAA= Left atrial appendage, PV= Pulmonary Veins, MV= Mitral Valve, TV = Tricuspid Valve, SVC = Superior Vena Cava

surgery (Figure 2), can restore atrial function. Particularly when left ventricular dysfunction is present, combining maze surgery provides the double advantage of reversing the
tachycardiomyopathy and promoting reverse atrial remodelling77. When concomitant
diastolic dysfunction is present (aortic stenosis, HOCM, severe hypertension, advanced
age and HFpEF in general), recovery of SR and reverse atrial remodeling provides optimal improvement of LA mechanical function, also favoring diastolic filling. Experienced
centers have demonstrated that the added risk of concomitant ablation is negligible78.
Additionally, performing a concomitant maze procedure at the time of open surgery can
also enhance regression of intermediate functional MR and prevent subsequent development of tricuspid regurgitation by ruling out the functional component of atrio-ventricular
annulus dilation64. LA reduction surgery proposed by some authors as an adjunct to maze,
to improve rhythm outcome, must be considered with caution as it can potentially reduce
the LA reservoir function79. More extensive electrical isolation of the basal posterior LA
through ablation can be a valuable and likely safer alternative for substrate modification.

As the benefits of rhythm control for persistent and long-standing persistent AF become
more evident, and the results of catheter ablation remain hampered7, the interest for
lone AF surgery is growing9, 72 (Figure 3). Both thoracoscopic and open rhythm surgery
are not likely to completely revert the underlying atrial myopathy, but they provide high
probability of sinus rhythm and durable symptom relief8, 10. Early stand-alone ablation can
prevent tachycardiomyopathy and also improves left ventricular function80. However, little
is known on the long-term effects on cardiac function and further research is warranted
on this topic. A deeper insight into atrial myopathy/remodeling would help refine the
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Figure 3. Minimally invasive left atrial ablation methods
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Transcatheter radiofrequency point-by-point wide circumferential ablation, Transcatheter cryo-balloon PVI,
Thoracoscopic bipolar radiofrequency PVI and Thoracoscopic bipolar radiofrequency PVI with a box lesion set
created with a linear bipolar ablation pen. RF= radiofrequency, PVI = Pulmonary vein isolation
Figure 4. Hybrid epi- and endocardial lesion
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Hybrid epi- and endocardial lesion set, red lines depict the thoracoscopically applied lesions, blue lines depict
transcatheter lesions. Dotted lines imply optional lesions; the LAA amputation (surgical) and MV isthmus line
(transcatheter). IVC= Inferior Vena Cava, LAA= Left atrial appendage, PV= Pulmonary Veins, MV= Mitral Valve,
TV = Tricuspid Valve, SVC = Superior Vena Cava

indications for standalone ablation surgery and would be instrumental to determining the
hierarchy of the ablation procedure to be performed.
In cases of non-advanced myopathy, catheter ablation could be attempted initially, while
thoracoscopic, hybrid thoracoscopic (Figure 4) and transcatheter ablation or even open
ablation surgery may be appropriate choices for cases with advanced remodeling.
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Alhough AF is associated with impaired quality of life, stroke, HF and mortality, studies
have shown that a rate control strategy is non-inferior to rhythm control, and that rhythm
control is only indicated for reduction of symptoms, not for improvement of survival.
Therefore, the reason for ablation must be considered carefully. The main benefits of (concomitant) ablation are symptom reduction, improvement of ventricular/cardiac function
and prevention of tachycardiomyopathy. AF impairs not only the left “atrial kick”, but it also
impairs the atrial reservoir/conduit function. Modern rhythm management surgery offers
the unique opportunity to revert most of the negative effects of AF at a ventricular, atrial
and valvular level. Because AF is a progressive disease, aggressive application of durable,
transmural and continuous lesion sets can prevent electrical and structural remodeling of
the left atrium. Structural assessment of atrial function and fibrosis (echocardiographically
or by means of CMRI) is recommended and can aid in patient selection and may predict
the capacity of re-remodeling following ablation, eventually improving ablation outcomes.
To reduce the risk for thrombo-embolic events and to improve rhythm outcome, exclusion
of the LAA is performed on a large scale but beneficial effect of these techniques are yet
to be demonstrated. Also, the long-term effect of LAA exclusion on LA and left ventricular
function is still unknown, (long-term) follow-up by means of echocardiography or cardiac
MRI is recommended. A better understanding of AF pathophysiology and underlying atrial
disease may help transition towards a more personalized approach to identifying more
appropriate indications and guide the choice of procedure for the individual patient.
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Discussion and future perspectives
The aim of this thesis was to investigate the results of different treatment strategies for
highly symptomatic, drug resistant atrial fibrillation (AF). In chapter 1 we propose AF as a
disease, the challenges that AF can cause and the opportunities that different treatment
options offer. We have studied several invasive treatment strategies for drug resistant AF.
Patient characteristics are known to have significant impact on the outcome of ablative
procedures. Data on obesity and outcome of ablation are still sparse. In chapter 2 we
reported that in 414 patients who underwent transcatheter PVI with radiofrequency, obesity is an independent risk factor for the recurrence of atrial fibrillation during long-term
follow-up. Chapter 3 illustrated the importance of obesity and success of ablation in a
highly illustrative patient. When AF ablation results are regarded, the first three months
are exempted from the analysis, also known as the “blanking period”. In chapter 4 we
advocated the reasons why a blanking period of four weeks should appear more reasonable, fostering its clinical importance and utility. Then, in an attempt to improve outcome
of AF ablation, we compared 1-year results of thoracoscopic PVI to transcatheter PVI and
showed that thoracoscopic PVI is significantly more effective in maintaining sinus rhythm,
although accompanied by a slightly higher adverse event rate (Chapter 5). Chapter 6
reported the promising mid-term (2 years) follow-up results in of thoracoscopic PVI in
a multi-centre study. Chapter 7 showed the satisfactory results of thoracoscopic PVI at
the long-term (5 years) follow-up in a specific paroxysmal AF patient population. In order
to reduce the incidence of stroke, the thoracoscopic approach offers the opportunity to
exclude the left atrial appendage. In chapter 8 we showed that exclusion of the appendage
does not have a deleterious effects on the left atrial contraction function. However, and of
interest, this study also shows that thoracoscopic PVI reduces the left atrial reservoir and
conduit function independently of the LAA status. Chapter 9 showed preliminary data,
which imply that right ventricular function may be reduced following thoracoscopic PVI.
Finally, chapter 10 reviewed the pathophysiologic aspects of AF related to left atrial function and their implications for surgical rhythm management.

In the coming years, the AF epidemic is going to pose a huge burden on the western population(1,2). This condition might affect approximately 1% of the population, accounting for
a significant part of the total healthcare system costs(3,4). Therefore, priority should be
given to understanding epidemiological risk factors and diseases predisposing to AF and
manage them pro-actively. Preventive strategies should ideally focus on the comorbidity
factors contributing to AF. Due to these comorbidities, structural and electrical remodeling
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will already take place before AF is actually present. This leads to electrical dissociation
between muscle bundles and local conduction heterogeneities, favouring re-entry, first
initiation and eventually perpetuation of the arrhythmia (Figure 1). In other words, AF is a
progressive disease, and therefore early detection and treatment of underlying conditions
is essential(5). In contrary to general beliefs, AF is not a benign arrhythmia for several reasons. First, the irregular heart rhythm can cause symptoms, significantly reducing quality
of life. Second, irregular atrioventricular contraction can impair hemodynamics through
loss of the “atrial kick” and eventually reduction of left ventricular function. Third, due to
stasis of blood in the left atrium and left atrial appendage, clotting can occur, increasing
stroke risk(6). Finally AF has been associated with an increased mortality(7,8). AF treatment should therefore be patient tailored to the individual substrate, with aggressive risk
factor management and very importantly, long term multidisciplinary care to optimize
outcomes(9).
Figure 1. Factors causing and maintaining atrial fibrillation
SVC

RSPV

LSPV

LIPV
RIPV

IVC

A complex interplay of ectopic foci, ganglionic plexi, micro- and macro-reentry circuits. (Reprinted with permission from Nature Reviews Cardiology 2010 Mar;7(3):129-138)

Successful AF ablation
The gold standard for reporting the efficacy of any form of AF ablation is freedom from AF/
atrial flutter/tachycardia of greater than 30 seconds’ duration, off all antiarrhythmic drugs
(AAD), recorded by an ECG or device recording system. The first three months, also known
as the “blanking period” are excluded from the rhythm analysis (10). It appears that inflammatory markers are elevated only the first week following ablation, early recurrences
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of AF occur mostly in the first 2 weeks, and animal but also human studies show that
edema following ablations is completely resolved within 1 month (Chapter 4). Therefore,
a blanking period of 1 month after ablation appears reasonable.
Follow-up should be conducted at 3,6,12,18,24,36,48 and 60 months, including Holter
monitoring (24 hour to 7 days). Holter monitoring (7-day) is estimated to document approximately 70% of AF recurrences, with a negative predictive value for absence of AF
between 25% and 40% (11). Not all atrial arrhythmia recurrences will be detected using
this monitoring technique, especially when the recurrences are asymptomatic. Modern
technology with very small implantable (even injectable) loop recorders will offer a vast
amount of valuable data. These novel devices are promising for the future and will give
new insights in ablation outcomes. Also, integration of ECG technology in smart mobile
devices is expected to improve early detection and post-ablation follow-up in the (near)
future(12,13). Although guidelines clearly distinct failed from successful AF ablation, as
black and white, outcomes of ablation in the clinical practice are often more in the grey
zone. Patients with a single recurrence or with asymptomatic recurrences are considered
“failed” whilst quality of life can improve significantly, and in clinical practice these patients will probably not want to undergo re-ablation. Also, patients in whom AADs are
not ceased are classified as “failed”, even in stable sinus rhythm at long-term follow-up.
There is a wide variety in perception of AF symptoms, especially after PVI(14). Future
research should be focused on further improvement of AF ablation techniques but should
also investigate improvement of symptoms and quality of life more deeply.

Catheter ablation of symptomatic paroxysmal AF is recommended to improve AF symptoms in patients who have symptomatic recurrences of AF on AAD and who prefer further
rhythm control therapy, when performed by an electrophysiologist who has received
appropriate training and is performing the procedure in an experienced centre. (Recommendation Class I, Level of evidence A)(15). Patients undergo transcatheter PVI as a
rhythm control strategy for symptom reduction rather than for prognostic benefit. Data
from the awaited EAST(16) (Clinical trial nr. NCT01288352) and CABANA (Clinical trial nr.
NCT00911508) trials might give more insights on this topic.
As first-line treatment for selected patients with symptomatic paroxysmal AF, randomized trials showed modestly improved rhythm outcome with catheter ablation compared
to AAD therapy(17,18). Difficulty of achieving transmural lesions using radiofrequency
point-by-point circumferential PVI hampers the results, especially at long term. Technical
improvements such as irrigated tips, contact force sensoring and optimized control of PVI
results with the lasso catheter have slightly improved results in the past years(19), but
these are still characterized by frequent recurrences. Approximately one in three patients
will have to undergo repeated ablations. Generally, in the Netherlands, the overall (not
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Figure 2. AF recurrence and/or AAD use at 1 year.


         





























Number of AF patients with AF recurrence (and/or AAD use) in the first year following transcatheter PVI in the
Netherlands, from 2011 to 2014. Data provided by Stichting Meetbaar Beter.

AF type specific) recurrence rate in the first year following PVI was 28% with a repeat
ablation rate of 22% (Figure 2). The outcomes of specific ablation techniques in different
patient populations are found in Table 1 (18,20-41). As the follow-up duration increases,
results tend to decline (24,42,43). Unfortunately, the result of ablation is still difficult
to predict in individual patients. Risk factors for failure of catheter ablation have been
extensively investigated. Important predictors for arrhythmia recurrence include; nonparoxysmal AF and particularly longstanding persistent AF, AF duration (as a measure of
remodeling), heart failure, mitral valve disease, sleep apnea and obesity, increased LA size,
hypertension, increased age and left atrial fibrosis as detected by cardiac MRI (44-46).
Some investigators have tried to develop a scoring system (CAAP-AF), which may aid clinicians to predict individual ablation outcomes(47). To improve AF ablation outcomes, more
and more attention is being paid to lifestyle related risk factors. The recent ARREST-AF
demonstrated the importance of a broader risk factor modification approach, resulting
in a significant benefit on AF ablation outcomes and AF burden(48). Apparently, the strict
treatment of hypertension alone did not impact ablation outcomes (SMAC-AF trial, in
press). The modifiable risk factor obesity reduces long-term success of transcatheter PVI
for paroxysmal and persistent AF, which was also demonstrated in this thesis (Chapter 2).
Furthermore, weight loss and improved cardiorespiratory fitness have been associated
with a decrease of AF burden in obese AF patients(49). In Chapter 3 of this thesis we
illustrate the importance of aggressive risk-factor management with a case report.
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Table 1. Outcomes of different ablation techniques
Author
(Study)

Year

Type

N=

AF type

FU (months) Freedom
from AF

Transcatheter RF + LA
lines/CFAE/CTI

Wilber
(Thermocool)

2010 RCT

106 PAF

9

66%

Transcatheter RF

Nielsen
(MANTRA)

2013 RCT

140 PAF

24

85%

Transcatheter RF

Morillo
(RAAFT2)

2014 RCT

66

PAF

12

45%

Transcatheter RF + LA
lines/CFAE

Mont (SARA)

2014 RCT

98

Persistent

12

70%

Transcatheter RF +
extensive ablation

Di Biase
(AATAC)

2016 RCT

62

Persistent AF and heart
failure

24

70%

Transcatheter RF
(multiple procedures)

Weerasoorya

2011 Prosp 100 Mainly PAF

60

63%

Transcatheter RF
(multiple procedures)

Ouyang

2010 Prosp 161 PAF

60

80%

Transcatheter RF +
optional CFAE

Tiltz

2012 Prosp 202 Long standing persistent

56

45%

Transcatheter RF

Kuck (Fire and
ICE)

2016 RCT

376 PAF

18

36%

Transcatheter RF
(multiple procedures)

Nielsen
(MANTRA)

2017 RCT

125 PAF

60

76%

Cryoballoon

Packer (STOPAF)

2013 RCT

57

PAF

12

70%

Cryoballoon

Packer (Fire
and ICE)

2016 RCT

374 PAF

12

35%

Thoracoscopic PVI

Edgerton

2010 Obs

52

PAF

12

81%

Thoracoscopic PVI

Boersma
(FAST-2)

2012 RCT

61

Mainly PAF

12

66%

Thoracoscopic PVI

Santini

2012 Obs

22

Mainly persistent

12

73%

Thoracoscopic PVI

Maat

2014 Obs

33

Mainly PAF

12

88%

Thoracoscopic PVI +/−
GP ablation

Driessen

2016 RCT

27

Mainly persistent

12

69%

Thoracoscopic PVI

Maat

2014 Obs

46

PAF

60

69%

Thoracoscopic PVI

Hu

2014 Obs

78

Mainly PAF (53%)

66

55%

Cox-Maze III

Hemels

2006 Obs

29

Mainly PAF (62%)

60

79%

Cox-Maze IV

Henn

2015 Obs

119 (Long standing) persistent

60

66%

Minimally invasive
Cox-Maze

Ad

2013 Obs

104 Mainly LS persistent

36

80%

Hybrid

Pison

2014 Obs

78

Mainly persistent

24

87%

Hybrid

Krul

2011 Obs

31

PAF and Persistent

12

86%

Hybrid

Bisleri

2013 Obs

45

Long standing persistent

28

89%

CFAE= complex fractionated atrial electrogram, CTI= cavotricuspid istmus, LA = left atrial, LS= long standing,
N= number, Obs = observational, PAF = paroxysmal atrial fibrillation, PVI = pulmonary vein isolation, Pros=
prospective, RCT= randomized clinical trial, RF = radiofrequency, SR = sinus rhythm
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Catheter ablation can also be performed in patients with symptomatic persistent and
long-standing persistent AF, generally as second-line treatment after failure or intolerance to antiarrhythmic drug therapy(15). However, these AF patterns are still difficult to
manage by catheter ablation(26,50). This may be caused by the severe atrial remodeling
due to comorbidities as well as by suboptimal techniques. Also, the additional value of
more extensive ablation by complex fractionated electrograms ablation or linear ablation
remains unclear (50).

Cryoballoon transcatheter PVI
The cryoballoon seems to overcome the problem of conduction gaps since it creates a continuous, circular lesion and also offers a shorter procedural times, with the trade-off that
the pulmonary veins are isolated more distally(28). Nowadays, cryoballoon has become
the first choice for paroxysmal patients in our clinic when the pulmonary vein anatomy
allows this. In a recent randomized trial cryoballoon appears to be non-inferior compared
to transcatheter point-by-point RF ablation(27,51). These findings are confirmed by a
large meta-analysis(52). For persistent AF, encouraging mid-term results have been presented(53). With the second-generation cryoballoon results seem to improve slightly with
shorter procedural- and fluoroscopy times(54). Long-term results are promising but large
studies are still awaited(55).

Integration of thoracoscopic PVI
Parallel to the development of transcatheter PVI techniques, surgical technology was
introduced to partially mimic the original Cox-Maze lesion set through minimally invasive
access(56,57). The most recent Guidelines state that “minimally invasive surgery with
epicardial PVI should be considered in patients with symptomatic AF when catheter ablation has failed and that the decision on such patients should be supported by an AF Heart
Team” (Class IIa, level evidence B)(15). When compared to transcatheter RF PVI treatment
strategy, thoracoscopic PVI resulted in higher freedom from AF at 1-year follow-up (Chapter 5). These findings are confirmed by several studies, including a clinical randomized
trial(30). Literature describes excellent rhythm outcomes varying from 69 to 91% freedom
from arrhythmia at 1-year follow-up (29,31,32,58,59). In order to further improve these
outcomes, additional ablation was studied in the form of a box-lesion set, isolating the
posterior left atrium. Due to the bipolar energy but unidirectional delivery of the energy
and heat sink at the atrial side, transumurality and therefore also the efficacy of the
box-lesion is still hampered (Figure 3). Another addition to the thoracoscopic PVI was
ablation of the epicardial ganglionated plexi(60,61), also performed in our initial reported
patients. In the initial experience with thoracoscopic PVI a supposed advantage of the
thoracoscopic approach was the advantage to ablate epicardial ganglion plexi. However, in
a well-conducted randomized trial, no proven benefit was demonstrated(33).
140

Discussion and future perspectives

figure 3. Bipolar ablation tools

To follow-up on the promising initial results of minimally invasive surgical PVI, we investigated the outcomes of this procedure in a larger, multi-center study with longer follow-up
(2 years) (Chapter 6). The results were largely maintained at longer follow-up, a finding
confirmed by another group(62).
Cornerstone of thoracoscopic PVI remains the superiority of the linear, bipolar bidirectional radiofrequency ablation. However, although the outcomes are superior to transcatheter-based ablation, also the thoracoscopic AF ablation results decrease over time.
Long-term follow-up studies (>36 months follow-up) after this procedure are very scarce
in literature(35,63). In Chapter 7, long-term results were reported of a unique patient
population that underwent thoracoscopic PVI for highly symptomatic paroxysmal AF. The
freedom from atrial arrhythmia was relatively high (without AAD 74% and with AAD 84%
at 5 years). It remains, however, very difficult to compare results with other groups since
studies are mostly conducted retrospectively, different ablation platforms are applied to
different patiënt populations and also different lesion sets are being performed. It would
be of great interest to cluster patients into a large thoracoscopic PVI registry or to include
patients into large prospective studies in order to be able to predict and follow outcomes.
Eventually large randomized trials are needed to assess whether thoracoscopic PVI is
superior to percutaneous PVI.
Given the results of thoracoscopic PVI, patients may become more dependent on the surgeon’s lesion set in the future. Especially when more challenging patients are concerned,
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Bipolar ablation clamp
Liniar ablation
(unidirectional
energypen
delivery)
Bipolar ablation clamp
(unidirectional energy delivery)
Left side (ablation clamp); linear lesion created by clamping the tissue and directing bipolar radiofrequency
energy from one side to the other side of the ablation clamp. Used for thoracoscopic PVI and lesions of the
Cox-Maze IV lesion set.
Right side (ablation pen); linear ablation performed by placing the pen on the epicardium, the radiofrequency
energy delivery is bipolar, however the energy flows to the other electrode on the same side. Used mostly for
(thoracoscopic) and open chest box-lesion set.
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or in patients who are not suitable for transcatheter PVI. Improvements of the box lesion set are to be expected from new instruments enabling the surgeon to ablate epi- to
endocardially, in a hybrid setting. To further reduce the invasiveness of thoracoscopic PVI,
unilateral and subxyphoidal approaches may be evaluated in the future(64). This warrants
surgeons who have electrophysiology as main interest.

Adverse events in AF ablation
Although described as minimally invasive, the transcatheter approach entails significant
risk (general anaesthesia, transseptal punction, multiple vascular entries and a hospital
stay of several days). On top of this, there is the cumulative risk since the procedure is
likely to be repeated. Literature describes repeat ablations in around 33% of patients, in
our large single centre cohort up to 56% of all patients underwent multiple procedures
(Chapter 2). In the literature, major adverse events are reported to occur in 2.9% to 4.5%
(65,66). When the cumulative risk (multiple ablations) for major adverse events are considered, in our large single center cohort we observed that this occurred in 4% of patients
during the long-term follow-up (Chapter 2).
Adverse events of cryoballoon PVI are similar, with the differences that cardiac tamponade
is less frequent and phrenic nerve lesions are more frequent(67). Also, more fluoroscopic
guidance is required.
The thoracoscopic approach in turn, has shown different adverse events and a higher rate
than ablation though transcatheter techniques. The numbers of treated patients in trials
are low which preclude strong conclusions but a 3.5-fold higher adverse event rate has
been reported in thoracoscopic compared to transcatheter PVI(68). Specifically, conversion to median sternotomy has been described in up to 1.6%, cardiac tamponade in up to
6%, drainage for pneumothorax in up to 3.3% and transient ischemic attacks in up to 3.0%
(15,69). Reports of procedure related mortality are limited, and appear to be similar with
catheter PVI (thoracoscopic 0.4% vs. catheter 0.7%)(69).
In our own series, we reported a major adverse event rate between 8% and 21% (Chapter
5 and 6). The majority of these events occurred in the initial experience. However, the
adverse event rate of thoracoscopic ablation remains a point of caution and should be
discussed with the patient. Improvent of techniques, including pre en perioperative imaging may reduce the adverse event rate.

Stroke and the role of the left atrial appendage
Yet, it still may be questioned whether AF is a causal factor for stroke or just another associated risk marker for stroke and other vascular complications(70-72). Several analyses
showed that only a few patients with subclinical AF associated stroke had evidence of
subclinical AF during the last months prior to their embolic event(70,71). Future studies
including the EAST trial are heavily awaited to assess whether abolishing AF may reduce
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stroke risk(16). Nevertheless, with the hypothesis that most cerebral emboli in AF patient
have a cardiac origin, more specifically the left atrial appendage, techniques have been
introduced to eliminate the left atrial appendage(73). Surgical approach offers this unique
opportunity, and surgeons have been closing or excluding the left atrial appendage for
decades (first as a part of the Cox-MAZE procedure)(74,75). But, up to date, there is no
solid evidence for surgical LAA exclusion(76).
Thus, maybe we should consider stroke more as a systemic disease rather than just originating from the left atrial appendage. In AF patients, factors as vascular disease, non-atrial
stroke mechanisms and atrial substrate could also cause stroke(77). Current guidelines
state that after surgical occlusion or exclusion of the LAA anti-coagulation in at-risk patients should be continued for stroke prevention(15). Whether patients who underwent
successful ablation and left atrial appendage exclusion should stop OAC is a very interesting topic and warrants further study. A large clinical trial (LAAOS III) is awaited, comparing
patients with AF undergoing on-pump CABG surgery with or without LAA occlusion(78).
On the other hand, incomplete closure has proven to be very thrombogenic and therefore
harmful(79). Until now, LAA exclusion or closure remains a procedure to be performed as
a part of medical trials, mainly in patients not suitable for oral anticoagulants. Physicians
should be extremely careful to replace OAC with LAA exclusion or closure.

Also, the effect of LA appendage exclusion on cardiac function has not been thoroughly
investigated. In chapter 8 of this thesis, we evaluated left atrial function following thoracoscopic PVI in patients with and without LAA exclusion. The major finding was that
exclusion did not impair the contractile function of the left atrium. However, the left atrial
reservoir and conduit function were significantly reduced at follow-up echocardiography,
independent of the LAA status. It has to be noted that these patients were without structural heart disease. There is very little evidence available on this topic but our findings
contrast with the report of Gelsomino et al. who describe an improved atrial function
(LA reservoir-, conduit- and contraction function all improved significantly)(80). However,
in their population, the LAA was excluded in 30% of the patients and this effect was not
specifically investigated.
The epicardial approach includes a pericardiotomy, supraphrenical on the right side and
infraphrenical on the left side. The interruption of the pericardial continuity might have
more significance than previously supposed. In chapter 9, the effects of thoracoscopic PVI
on right ventricular function are investigated and compared to cryoballoon PVI. Surprisingly, right ventricular (RV) function measured as tricuspid annular plane systolic excursion
(TAPSE) and as RV strain was significantly reduced following thoracoscopic PVI, this effect
was not noticed in the cryoballoon PVI. Reduced RV function has been described following open-chest surgery (on- and off-pump coronary bypass grafting) but has not been
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described previously following thoracoscopic PVI. We could hypothesize that opening of
the pericardium has a negative influence on RV function due to the formation of adhesions. Future research should tell whether these findings are merely echocardiographic
observations or also clinically relevant? In our daily practice, however, these findings have
resulted in a change of operative protocol. We now close the right-sided pericardium to
maintain pericardial support. In general, more attention is needed for echocardiographic
evaluation of patients who undergo thoracoscopic PVI, either as a lone procedure or as
a hybrid procedure. We are currently gathering a large amount of data to continue our
investigation of this topic.
Finally, in chapter 10 we reviewed the pathophysiologic aspects of AF related to left atrial
function and their implications for surgical rhythm management. The main objective of
AF ablation is symptom reduction, but it can also improve cardiac function and prevent
tachycardiomyopathy. Modern AF surgery offers the opportunity to revert most of the
negative effects of AF at a ventricular, atrial and also valvular level. Since AF is a progressive disease, aggressive application of durable, transmural and continuous lesion sets can
prevent remodeling of the left atrium. Structural assessment of atrial function and fibrosis
is strongly recommended, can aid in patient selection and may also predict the capacity of
reverse remodeling following ablation, eventually improving ablation outcomes.
The long-term effect of AF ablation and LAA exclusion on left atrial and ventricular function remains largely unknown. Therefore, long-term follow-up by means of echocardiography or cardiac MRI is recommended. A better understanding of AF pathophysiology
and underlying atrial disease may help transition towards a more personalized approach
to identifying more appropriate indications and guide the choice of procedure for the
individual patient.

Future perspective
In order to improve ablation results in challenging patients with longstanding persistent
AF, a combination of technologies has been proposed. As an alternative for the MAZE
procedure, a hybrid epi- and endocardial approach (combining both surgical and catheter
based ablation techniques) has been introduced in recent years. The hybrid AF surgical
ablation procedure is defined as a joint AF ablation procedure performed by a cardiac
surgeon together with a electrophysiologists either as part of a single “joint” procedure or
performed as two pre-planned separate ablation procedures separated by no more than
six months of time(15). The first studies show excellent rhythm outcomes(39,41,81), while
long-term results remain yet unknown. It still has to be proven if the high-tech hybrid approach can compete with the old-school Cox-Maze procedure when both safety and longterm efficacy are considered. This hybrid technique has a minimally invasive approach
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but is a very challenging and demanding procedure for both the patient and the treating
physicians. Future trials have to prove if this approach offers the best of both worlds.
A hot topic for the AF team is whether the procedure should be performed as a single,
joint procedure or as a staged approach with first the thoracoscopic ablation followed by
electrophysiological examination and ablation after >1 month. There are several supposed
benefits of the joint procedure; the possibility to check the acute surgical lesions applied,
access to the ligament of Marshall and possibility to exclude the left atrial appendage.
Also, the joint procedure offers the surgeon direct feedback on the applied lesions, increasing the learning curve. Important argument for a staged approach is that the durable
lesions can be assessed when inflammation and edema (causing acute but not durable
lesions) has resolved. A staged approach could be divided into two subtypes; planned
electrophysiological examination and ablation or a more expectative approach, examining
and performing ablation only when this is necessary. An “expectative” staged approach
might prevent over-treatment. This topic of hybrid treatment strategies clearly asks for
further investigation by means of randomized clinical trials.

Moving to a heart team approach

Chapter 11

Modern AF ablation including the hybrid strategy calls for a multi-disciplinary team approach of AF patient discussion, selection, decision-making, ablation, post-ablation care
and also for clinical research. In this AF-team there are important roles for the surgeon,
electrophysiologist, cardiac rehabilitation physician and AF-dedicated nurse practitioner. A
team-approach is very likely to improve the results of AF ablation and encouraged by the
latest Guidelines(15). This thesis underlines the importance of collaboration between the
electrophysiologists and cardio-thoracic surgeon.
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Dutch Summary – Nederlandse samenvatting
Boezemfibrilleren is de meest voorkomende hartritmestoornis. Het is een zware last voor
de patiënt en onze gezondheidszorg. Bij een normaal hartritme ontstaat een elektrische
prikkel in de sinusknoop welke zich regelmatig verspreidt over de boezems. Boezemfibrilleren zorgt voor een onregelmatig en meestal snel hartritme. Anders dan bij kamerfibrilleren blijft bij boezemfibrilleren een groot deel van de pompfunctie behouden omdat de
kamers wel samentrekken, maar de boezemsamentrekking verloopt chaotisch, waardoor
de boezem het bloed niet efficiënt naar de kamer pompt. Twee derde van de patiënten
met boezemfibrilleren heeft hiervan klachten. Dit betreft meestal hartkloppingen, kortademigheid, zwakte, duizeligheid, verminderde inspanningstolerantie of kortademigheid.
Maar ook pijn op de borst, flauwvallen en zelfs beroerte kunnen voorkomen.
Boezemfibrilleren komt vaker voor bij ouderen en met name als er sprake is van onderliggende risicofactoren (bijvoorbeeld hoge bloeddruk, suikerziekte, atherosclerose van de
kransslagvaten, hartkleplijden, schildklierproblemen, hartfalen of obesitas), maar ook op
zichzelf is boezemfibrilleren geassocieerd met hartfalen en overlijden.
Het mechanisme van boezemfibrilleren is nog steeds niet volledig begrepen en verschilt
waarschijnlijk per patiënt. Een belangrijke factor is dat elektrische prikkels bij boezemfibrilleren niet in de sinusknoop maar op verschillende plaatsen in de boezems ontstaan,
meestal bij de longvenen.
Als boezemfibrilleren eenmaal bestaat, treedt een geleidelijk proces van structurele
remodellering (veranderde geleidingseigenschappen en verlittekening) van de boezems
op. Deze remodellering maakt de boezems meer ontvankelijk voor fibrilleren, waardoor
de patiënt in een vicieuze cirkel belandt en het steeds moeilijker wordt om spontaan weer
in een rustig en regelmatig hartritme te komen. In andere woorden, boezemfibrilleren
is een progressieve ziekte en om deze reden is het heel belangrijk om het vroegtijdig te
diagnosticeren en te behandelen.
De richtlijnen adviseren anti-aritmica als eerste behandeling van boezemfibrilleren,
hoewel het succes beperkt is en deze medicatie ook bijwerkingen kent. Voor patiënten
die ondanks medicatie veel klachten van terugkerend of aanhoudend boezemfibrilleren
hebben, wordt een katheterablatie geadviseerd. Met deze methode kan via de lies toegang tot de binnenkant van het hart worden verkregen. Door puntsgewijs branden met
radiofrequente energie of circulair vriezen met een vriesballon worden de longvenen van
de linker boezem geïsoleerd om zodoende het boezemfibrilleren te stoppen. Een alternatief voor deze methode is thoracoscopische behandeling, waarbij via een kijkoperatie in de
borstkas beiderzijds de longvenen middels een klem worden geïsoleerd; pulmonaalvene
isolatie (PVI). Dit vindt plaats op de buitenzijde van het kloppende hart.
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Het doel van dit proefschrift was om de uitkomsten van verschillende minimaal invasieve
ablatiemethodes te onderzoeken bij patiënten met symptomatisch boezemfibrilleren
zonder effect van anti-aritmische medicatie.
In Hoofdstuk 1 werden de ziekte boezemfibrilleren en de verschillende behandelopties voorgesteld. Wij hebben diverse ablatiemethodes onderzocht bij meerdere type
patiënten. Uit de huidige literatuur blijkt dat onderliggende risicofactoren zoals hoge
bloeddruk, suikerziekte en obesitas negatieve invloed hebben op zowel het ontstaan
van boezemfibrilleren als op de uitkomsten van de behandeling ervan. In Hoofdstuk 2
onderzochten we een groep patiënten die katheter ablatie (met radiofrequente energie)
ondergingen. Het lange termijn succes van deze methode was lager in de groep patiënten met obesitas. Dat AF behandeling bij deze patiënten uitdagend kan zijn, en dat het
behandelen van risicofactoren (met name overgewicht) belangrijk is, werd geïllustreerd
door de patiënt beschrijving in Hoofdstuk 3. Het is gebruikelijk om de eerste 3 maanden
na ablatie wetenschappelijk gezien een onregelmatig hartritme te negeren, dit is bekend
als de “blanking period”. In een opiniestuk (Hoofdstuk 4) beschreven wij aan de hand
van beschikbare literatuur waarom wij deze periode te lang vinden. Als alternatief voor
katheter ablatie is de laatste jaren meer aandacht voor chirurgische behandeling van
boezemfibrilleren, in het bijzonder voor thoracoscopische ablatie. In Hoofdstuk 5 hebben
wij de 1-jaars resultaten van katheter PVI (met radiofrequente energie) vergeleken met
thoracoscopische PVI. Hieruit blijkt dat thoracosopische PVI effectiever is om stabiel sinus
ritme te bewerkstelligen, maar dat de patiënten die deze procedure ondergaan ook meer
complicaties kennen. Na deze veelbelovende resultaten hebben we in Hoofdstuk 6 de
middellange termijn (2 jaar) uitkomsten van een grotere groep patiënten verzameld, in
ziekenhuizen. Hieruit kan geconcludeerd worden dat thoracoscopische PVI een effectieve
behandeling is voor boezemfibrilleren maar dat complicaties wel een punt van aandacht
zijn. Vervolgens beschrijven we in Hoofdstuk 7 de lange termijn (5 jaar) resultaten van een
specifieke patiënten populatie; patiënten met aanvalsgewijs (paroxysmaal) boezemfibrilleren. In dit onderzoek hebben we aangetoond dat het succes van thoracoscopische PVI
op lange termijn behouden blijft. Een van de risico’s van boezemfibrilleren is beroerte;
het losschieten van stolsels naar de hersenen. Deze stolsels kunnen ontstaan door het
onvolledig samentrekken van de linker boezem door boezemfibrilleren. Het linker hartoor
is bijzonder gevoelig voor stolselvorming door haar anatomie. Thoracoscopische ablatie
biedt de mogelijkheid om het linker hartoor te sluiten, hiervoor gebruiken wij een speciaal
ontwikkelde clip. In hoofdstuk 8 onderzoeken we het effect van het “clippen” van het
linker hartoor op de hartfunctie door 2 groepen patiënten te vergelijken. In een groep
is het hartoor wel gesloten, in de andere groep niet. Dit onderzoek toonde aan dat de
knijpfunctie van de linker boezem niet wordt aangetast door het clippen maar dat opslagfunctie en doorgeeffunctie van de linker boezem wel verminderd zijn, of het hartoor
gesloten is of niet. Deze interessante bevinding heeft ons aangezet om ook de functie van
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de rechterkamer te onderzoeken. In Hoofdstuk 9 werd de rechter kamerfunctie met echo
beoordeeld 6 maanden na respectievelijk; katheter cryoballon PVI en thoracoscopische
PVI. Echo onderzoek in deze kleine groep patiënten toonde een duidelijke verslechtering
van de rechterkamer functie na thoracosopische PVI, waar dit in de cryoballon groep niet
het geval was. Omdat we vermoeden dat dit komt door verklevingen in combinatie met
het open laten van het hartzakje, hebben we onze operatiemethode aangepast. We sluiten
het hartzakje aan de rechter kant nu standaard met een enkele hechting. Tot slot hebben
we in Hoofdstuk 10 een uitgebreid overzicht gegeven van de beschikbare kennis van de
functie van de linker boezem, gerelateerd aan boezemfibrilleren. Hieruit volgen adviezen
voor de chirurgische behandeling voor boezemfibrilleren in verschillende patiëntencategorieën. Daarbij roepen we ook op om beter lange termijn onderzoek te doen met echo of
MRI-scan om de hartfunctie na boezemfibrilleren ablatie te vervolgen.
Boezemfibrilleren is een complexe ziekte met veel verschillende behandelopties. De moderne behandeling van boezemfibrilleren vraagt daarom maatwerk van een team waarin
de cardioloog en hartchirurg maar ook de revalidatiearts en verpleegkundig specialist een
belangrijke rol spelen.
Dit proefschrift onderschrijft het belang samenwerken. Een hartteam benadering zal in de
kliniek de besluitvorming rondom patientselectie en ablatiemethodiek verbeteren,en in
het wetenschappelijk onderzoek de kennis over boezemfibrilleren vergroten. Dit teneinde
de rezullen uiteindelijk de uitkomsten van boezemfibrilleren ablatie nog verder verbeteren.
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